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FOREWORD 


This  report  was  prepared  by  the  Department  of  Chemistry  and 
Chemical  Engineering  of  the  University  of  Illinois,  under  Contract 
AF  33(616)-3209,  The  contract  x*ras  initiated  under  Project  ?340, 
"Rubber,  Plastic,  and  Composite  Materials",  Task  number  73404, 
"Synthesis  and  Evaluation  of  New  Polymers".  It  was  administered 
under  the  direction  of  the  Materials  Laboratory,  Directorate  of 
Laboratories,  Wright  Air  Development  Center,  with  Lt.  Robert  L. 

Rau  serving  as  project  engineer. 

This  report  covers  work  conducted  from  October  1,  1956  to 
September  30,  1957. 
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ABSTRACT 


The  study  of  the  forroatlon  of  polymers  containing  coordin¬ 
ated  heavy  metals  has  been  continued. 

Bis-chelating  agents  which  are  bidentate  should  form  linear 
polymers  by  coordination  with  tetracoordinate  metal  ions. 

Studies  have  been  made  of  polymers  of  this  sort  containing  zinc, 
nickel,  and  copper  (II)  coordinated  vrlth  bls-thiopicolinamides , 
bis-fluorlnated  1,3-diketones,  bls-amlno  acids  and  bis-8-hydroxy- 
quinolines.  The  reaction  of  tetrahydroxy  aromatic  compounds  with 
silicon  tetrachloride  is  of  this  type  also,  and  has  been  studied. 
Bis-chelating  agents  which  are  tridentate  should  form  linear 
polymers  by  coordination  with  hexacoordlnate  metal  ions.  A  brief 
study  of  coordination  compounds  of  two  tridentate  amino  acids 
(P-amino  glutaric  acid  and  Iminodiacetic  acid)  shov/ed  that  such 
polymers  would  not  have  great  stability,  so  the  matter  was  not 
pursued  further. 

The  study  of  the  formation  of  polymeric  copper  phthalocy- 
anines  from  derivatives  of  pyromellitic  acid  has  been  continued, 
but  no  method  for  the  preparation  of  high  molecular  weight  poly¬ 
mers  has  yet  been  found. 

It  has  been  demonstrated  that  polymers  can  be  formed  by  the 
condensation  of  monomeric  coordination  compounds  which  contain 
uncoordinated  functional  groups  such  as  hydroxyl  and  carboxyl. 
Although  the  materials  which  have  been  obtained  are  only  trlmers  ' 
and  do  not  show  good  heat  stability,  their  formation  is  encour- 
as  it  furnishes  a  tool  for  the  study  of  the  polymeriza¬ 
tion  process. 

An  apparatus  for  the  measurement  of  heat  stabilities  of 
polymers  is  described. 

These  studies  are  being  continued. 


PUBLICATION  REVIEW 


This  report  has  been  reviewed  and  is  approved. 


FOR  THE  COMMANDER: 


R.  T.  SCHWARTZ 

Chief,  Organic  Materials  Branch 
Materials  Laboratory 
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I.  INTRODUCTION 


The  chief  nurpose  of  the  work  described  in  this  report  has 
been  to  prenare  plastics  which  are  stable  to  high  temperatures » 
and  which  retain  their  plasticity  over  a  wide  temperature  range. 
It  is  well  known  that  the  stability  of  organic  materials  is  of¬ 
ten  markedly  changed  by  coordination  with  metal  ions.  Sometimes 
it  is  decreased,  but  often  it  is  increased.  This  is  illustrated 
by  the  great  difference  in  thermal  stability  between  phthalocy- 
anlne  and  its  conper  derivative,  and  by  the  increased  resistance 
to  light  and  washing  which  is  shoT<m  by  azo  dyes  when  they  are 
metallized.  This  orogram  is  based  upon  the  hope  that  "coordin¬ 
ation  polymers"  can  be  formed  which  will  show  desirable  physical 
properties,  and  which  will  be  resistant  to  thermal  and  oxidative 
degradation. 


Manuscript  released  by  author (s)  April  25,  1958  for  publication 
as  a  WADC  Technical  Report, 
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Since  the  chief  aim  of  this  program  is  to  form  heat- 
stable  plastic  materials,  our  efforts  have  been  di¬ 
rected)  largely  toward  the  formation  of  linear  poly¬ 
mers.  (The  phthalocyanine  polymers  constitute  the 
sole  exception).  Even  with  bidentate  ligands  and 
hexacoordinate  metals,  one  might  obtain  linear  poly¬ 
mers  if  two  of  the  coordination  positions  of  the 
metal  are  occupied  by  "inert"  groups.  We  have  at¬ 
tempted  to  do  this  in  the  formation  of  cobalt  (III)- 
amino  acid  polymers. 


-NHa 

-ooc 


''CH - CH 

/ 


C00<'\'^ 

NHa  0 

I  I 

CHs-C 


NH 

00 


=  0 


lIHg- 

coo- 


but  have  found  that  disproportionation  takes  place, 
with  tV'e  formation  of  mononuclear  complexes  and  highly 
cross-linked  ones. 


b)  Kononuclear  complexes  containing  uncoordinated  function' 
al  groups  may  be  com.bined  with  each  other  through  the 
agency  of  those  functional  groups.  Here  again,  one 
can  conceive  of  obtaining  linear  or  cross-linked  poly¬ 
mers,  depending  upon  the  number  of  functional  groups 
in  each  mononuclear  complex,  and  the  manner  in  which 
the  complexes  are  linked  together.  Eor  example,  a 
complex  containing  two  uncoordinated  functional  groups 
might  react  with  an  organic  molecule  containing  two 
functional  groups  to  give  a  linear  polymer 


x-H  Complex 


-X  +  YCCCCY->-(x —  Complex  — (x^ — CCCCY^ 


whereas  other  combinations  would  give  cross-linked 
polymers.  In  the  example  given,  the  organic  mole¬ 
cule  might  be  replaced  by  another  complex, 

c)  A  preformed  polymer,  may  be  "metallized",  with  conse¬ 
quent  change  in  its  properties  and  behavior.  Ordin¬ 
arily,  coordination  of  a  polymer  with  a  metal  ion  will 
lead  to  cross  linking;  e.g. ,  the  union  of  protein  and 
chromic  ion  in  the  tanning  of  leather,  and  probably, 
the  union  of  calcium  ion  with  polyphosphate  ion. 

Proper  stereochemical  arrangement  of  the'  donor  atoms 
in  the  coordinating  agent,  however,  may  avoid  cross 
linking. 
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In  the  work  described  in  this  report,  attempts  were  made  to 
form  polymers  by  methods  (a)  and  (b),  but  not  by  method  (c). 

In  connection  with  method  (a),  five  types  of  bis-chelating 
agents  were  used,  as  well  as  the  polyfunct tonal  octa-carboxy 
copper  phthalocyanine  unit.  In  the  study  of  method  (b),  three 
mononuclear  complexes  were  examined.  None  of  these  has  yet 
led  to  the  formation  of  polymers  with  useful  properties.  We 
are  of  the  opinion  that  the  difficulties  in  obtaining  poly¬ 
mers  stem  from,  the  mode  of  carrying  out  the  polymerization 
experiments,  rather  than  to  any  inherent  lack  of  chemical  re¬ 
activity.  Thus,  the  presence  of  impurities,  the  formation  of 
too  many  nuclei,  or  a  failure  to  use  exactly  stoichiometric 
quantities  of  reactants  would  lead  to  the  formation  of  lovj- 
molecular  weight  polymers.  Our  present  efforts,  therefore, 
are  directed  toward  eliminating  difficulties  of  this  sort, 
rather  than  to  the  study  of  new  monomers. 

During  the  course  of  this  work,  an  apparatus  has  been  de¬ 
signed  and  built  for  the  purpose  of  measuring  the  thermal 
stability  of  polymers  in  air  as  well  as  in  inert  atmospheres. 


WADC  TR  57-391  Pt  II 


4 


II.  DISCUSSION 

A .  Attempts  to  Form  Polymers  by  Coordination  with  Metal  Ions. 

Most  of  our  effort  during  the  year  under  review  was  devoted 
to  the  study  of  nolymerlc  substances  which  may  be  formed  by  the 
act  of  coordination  between  metal  Ions  and  -oolyfunctlonal  chel¬ 
ating  grouns.  Five  groups  of  bls-chelatlng  agents  were  studied, 
and  will  be  discussed  In  turn.  The  -nplymerlc  phthalocyanlnes 
are  sheet  like  rather  than  linear,  but  they,  too,  are  formed  In 
the  process  of  coordination, 

1,  Thlonlcollnamlde  Polymers.  From  the  point  of  view  of 
thermal  stability,  the  derivatives  of  thloplcollnamlde  offer  a 
good  deal  of  ■oromlse,  and  a  considerable  amount  of  time  has  been 
spent  on  them,  by  K.  V.  Martin  (l). 

Thionlcollnanlllde  (I)  and  related  compounds  have  been 
shown  to  function  as  bldentate  chelate 


I 

compounds  (2).  Two  molecules  of  I  coordinate  with  such  ions  as 
copper  (II),  nickel  (II)  and  mercury  (II)  to  form  non-valent  metal 
complexes.  It  appeared  evident  that  a  bis-thloplcolinanllide , 
such  as  II,  would  coordinate 


II 

with  suitable  metals  to  form  polymeric  materials .  Porter  (3) 
has  recently  reported  a  convenient  method  for  the  preparation  of 
thloplcolinanilldes  using  a  modified  Wlllgerodt  reaction.  Appli¬ 
cation  of  this  reaction  to  the  synthesis  of  II  has  been  shown  to 
give  2,6-dl  (a-pyrldyl)  -  benzo  -  (1,2,4, 5)  -  bls-thlazole  (III). 
Apparently  the  desired  bls-thloamlde  formed  initially  In  this 
reaction 
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Is  unstable  and  undergoes  oxidation.  When  a  mixture  of  benzidine, 
sulfur  and  a-nlcollne  was  subjected  to  the  conditions  of  the 
Vlllgerodt  reaction  the  mono-amide,  4-amlno  -4*-  thioplcollnamldo- 
dlphenyl  was  obtained.  Use  of  excess  sulfur  and  a-plcollne  results 
in  the  formation  of  4,4*  -  bls-thloplcollnamldo  diphenyl  (IV), 

This  compound  has  been  successfully  polymerized  by  chelation 
with  suitable  copner  (II),  nickel  (il)  and  zinc  (II)  complexes. 

IV  was  heated  under  vacuo  with  the  stoichiometric  amount  of  the 
metal  acetylacetonate ,  In  each  case  acetylacetone  was  evolved 
and  a  polymer  of  structure  V  was  obtained.  No  acciirate  estima¬ 
tion  of  molecular  weights  of  these  nolymers  has  been  made; 


M  =  a)  Cu(Il) 

b)  Nl(ll) 

c)  Zn(ll) 


however,  from  the  analytical  figures  they  are  estimated  to  be 
greater  than  5000,  The  polymers  were  obtained  as  dark  colored 
powders  which  did  not  exhibit  plastic  nropertles.  The  thermal 
stabilities  were  measured  in  nitrogen,  the  polymers  decomposing, 
viz. 


Va 

275 

Vb 

300 

?0 

410 

If  Vc  were  of  sufficiently  high  molecular  weight  (ca.  50,000)  it 
would  be  expected  to  be  a  brittle  material.  In  order  to  produce 
plasticity  in  such  a  high  molecular  weight  polymer,  it  is  neces¬ 
sary  to  Introduce  a  bridging  group  between  the  two  phenyl  rings , 
To  this  end,  the  synthesis  of  thloaraides  of  structures  (VI  a,b,c, 
d,e)  was  undertaken.  These  are  accessible  through  the 


VII 
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amines  (VII,  a-e).  The  diamines  are  readily  available  and  were 
purchased  or  synthesized,  viz, 

reduction  of  4,4»-dlnltro-dlphenylether 
commercially  available 

reaction  of  acetone  with  aniline  hydrochloride 
commercially  available 
oxidation  of  VII  d, 

a,  4.4*-bl8-Thloploollnamldo-‘benzophenone  and  related  polymers 
C ornmer clally^  available  4 , 4 •-dlamlno-dlphenylmethane  (vlll) 
was  acetylated  and  oxidized  with  chromic  anhydride  to  4,4*-dl- 
acetylamlno  benzophenohe  (IX).  De-acetylatlon  of  IX  gave  the  re¬ 
quired  4,4'  dlamlno  benzophenone  (X)  In  good  yield.  Condensation 
of  X  with  sulfur  and  a-olcollne  led  to  the  Isolation  of  4,4'- 


VII  a 
VII  b 
VII  c 
VII  d 
VII  e 


0 


bls-thlonlcollnamldo-benzonhenone  (XI),  a  golden  crystalline 
material  (mp.  182  ),  readily  soluble  In  hot  dlmethylf ormamlde . 

To  a  solution  of  XI  (Imole)  In  dlmethylf ormamlde  was  added  a 
solution  of  copper  (II)  acetate  (1  mole)  and  the  mixture  warmed 
on  the  vrater  bath.  Almost  Immediately  a  quantitative  precipita¬ 
tion  of  the  copper  (II)  polymer  (Xlla)  occurred.  In  a  similar 
manner  the  corresoondlng  zinc  (II)  and  nickel  (II)  polymers 


a:  Cu(Il) 
b:  Zn(Il) 
c:  Nl(Il) 
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(Xirb  and  XIIc)  were  prepared.  Analytical  results  suggest  their 
structures  are  well  represented  by  XII  and  that  their  molecular 
weight  is  of  the  order  of  at  least  10  units. 

Determination  of  Heat  Stabilities 

The  heat  stabilities  of  the  above  polymers  (XIIa,b,c)  were 
determined  using'  the  thermobalanc.e  described  later  in  this  re¬ 
port.  Using  this  device,  the  tViermal  stability  data  obtained  for 
the  4,4’ -bis-thiopicolinamido-diphenyl-zinc( II)  polymer  corresponded 
with  that  obtained  by  differential  thermal  analysis  and  by  oven¬ 
heating.  Each  polymer  sample  was  maintained  at  a  series  of  elevated 
teinpera tures  for  a  period  of  about  1/2  hour  at  each  temperature.  At 
the  end  of  each  period  any  loss  in  weight  was  complete.  The  re¬ 
sults  obtained  are  summarized  in  Table  I. 


Table  I. 


%  Weight  Loss 

190 

230 

270 

320 

350 

370 

390 

420 

Zinc( II)  polymer 

0 

0 

0 

0 

0 

0 

4^ 

Decom 

Nlckel(II)  polymer 

0 

0 

0 

0 

0.3^ 

Decom. 

-- 

Copper( II)  polymer 

0 

0 

0 

w~ 

Decom. 

—  - 

b.  4 .4 ' -bis-iThioPicolinamido-diphenvlsulfone  and  related  polymers 
Condensation  of  commercially  available  4,4’ -diamino-diphenyl- 
sulfone,  sulfur  and  a-picoline  yielded  4,4’-bis-thiopicollnamido- 
diphenylsulfone  (XIII)  in  fair  yield.  XIII  was  obtained  as  an 
orange  crystalline  solid,  readily  soluble  in  hot  cellosolve  or 
hot  dlmethylformamlde. 


Mixture  of  hot  dlmethylformamlde  solutions  of  XIII  and  zlnc(II) 
acetate  led  to  almost  immediate  precipitation  of  the  yellow  zinc 
(II)  polymer  (XlVa)  In  a  similar  manner  the  nlokel( II)  and  cop¬ 
per  polymers  (XlVb)  and 
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a: 

Zn 

b: 

Ni 

c : 

Cu 

XIVc  were  prepared.  In  each  case,  after  precipitation  had  occur¬ 
red,  the  solutions  were  heated  under  reflux  for  one  hour  to  en¬ 
sure  complete  reaction.  The  thermal  stabilities  were  determined 
and  the  data  obtained  are  listed  in  Table  II. 


Table  II. 


%  Weight  Loss 

160 

200 

250 

290 

320 

350 

380 

430 

Zinc( II)  polymer 

0 

0 

0 

0 

0 

0.25 

0.25 

Decomp. 

Nickel( II)  polymer 

0 

0 

0 

3% 

0 

Decomp. 

“  . 

Copper(  II)  polymer 

0 

0 

0 

1% 

5% 

Decomp. 

- 

**• 

From  a  consideration  of  these  data  and  those  previously  ob¬ 
tained  with  polymers  derived  from  4,4' -bis-thiopicolinamido-diphenyl, 
the  zinc( II)  polymers  appear  to  be  the  more  thermally  stable, 

V/ith  these  compounds  there  is  little  significant  loss  of  weight 
on  heating  to  380°C.  It  could  be,  however,  that  some  decomposition 
was  occurring  below  this  temperature.  Thus,  the  infrared  absorp¬ 
tion  curves  of  the  zinc  polymer  XlVa,  both  pre-  and  post  heating, 
were  recorded,  on  heating  a  sample  at.  300°C  for  six  hours  no  loss 
in  weight  could  be  measured  and  the  infrared  spectra  remained  un- 
char-ged.  Heating  at  360°C  for  six  hours  resulted  in  a  1.5^  weight 
loss  and  a  change  in  sample  color  from  pale  yellow  to  pale  brown. 
However,  the  infrared  spectra  remained  identical  and  it  can  there¬ 
fore  be  inferred  that  no  decomposition  had  taken  place,  360°C 
would  appear  to  be  an  upper  limit  with  regard  to  thermal  stability; 
at  390°C  (see  Table  I)  significant  weight  losses  occur.  It  had 
been  planned  to  synthesize  the  thiopicol inamides  from  the  diamines 
4,4' -diamino-diphenylether  (XV)  and  2, 2-bis(p-amino phenyl) -propane 


XV  XVI 
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Commercially  available  4,U’-dinltro-aiphenylether  was  reduced 
catalyt.lcaliy .  Syntheses  of  XVI  Have  been  recorded  In  the  liter¬ 
ature  (4)  usinp  the  acid  catalyzed  condensation  of  aniline  and 
acetone.  Several  attemots  to  reneat  this  reaction  proved  abor¬ 
tive  and  this  synthesis  was  abandoned.  Also,  reaction  between 
sulfur,  a-nlcoline  and  1, ^-dlamino-nanhthalene  failed  to  yield  any 
identifiable  nroducts. 

Work  on  the  thionicollnamid e  noiymers  Is  being  continued. 

2.  Fluorlnated  1, '^i  Dlketone  Polymers.  The  work  on  polymers 
of  1, dlketones  was  Interrupted  to  allow  more  time  for  study  of 
the  thloplcollnamides.  It  Is  now  under  study  again,  but  the 
present  account  can  be  considered  to  be  only  a  progress  report. 

1,1,2, 2-  tetra- (trlf luoro-acetyl)-ethane  (XVll)  was  synthesized 
by  the  condensation  of  the  sodium  salt  of  1, 1, 1, 5, 5»5**  hexafluoro" 
acetylacetone  with  iodine  (see  reaction  scheme  below;.  It  is  an¬ 
ticipated  that  XVII  will  coordinate  with  suitable  metal  salts 
(divalent  metals  of  coordination  number  4)  to  form  polymers  in  a 
similar  manner  to  the  bis  (p-diketones) 


NaOCaHs 

CHgCOOCaH 

CFaCOOH  ->•  CF3COOC3H 

CFgCOOH-*-  CF3COOO3H 


CFaCOCHaCOOCaHs 

/  'N 


CF3COCHGOCF3 

lls 


30^  HaSO* 
CFaCOCHa 

NaOCgHg 


CF3  ✓'CP3 

^00  ^co 

''  CH-CH 
CO''  '‘CO 

CF^  ^CFg 


XVII 
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described  by  Pernelius  and  Co-workers  (5).  The  polymers  so 
formed  are  expected  to  contain  only  the  elements  carbon,  oxygen, 
fluorine  and  metal  and  are  expected  to  have  enhanced  heat  stability. 
It  has  already  been  reported  that  the  substitution  of  fluorine  for 
hydrogen  in  an  organic  compound  results  in  a  more  thermally  stable 
Compound,  Further  study  of  the  problem.  Indicated  that  when  XVII 
reacts  with  a  metal  ion,  two  isomeric  products  may  form  (XVIII 
and  XIX) : 


Although  XIX  Involves  the  formation  of  seven  membered  chelate 
rings,  the  possibility  of  its  formation  cannot  be  ruled  out. 
Accordingly,  it  has  been  decided  to  use  1,1, 3, 3  tetra  (trifluoro- 
acetyl) -propane  (XX),  and  its  preparation  is  now  underway. 

COCP3 

CH 

^COCPa 
XX 
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This  work  Is  being  done  by  Mr.  Joon  Suk  Oh,  who  is  not  supported 
by  the  W.A.D.C.  contract. 

For  exnerlence  with  the  techniques  necessary  for  the  synthe¬ 
sis  of  this  compound,  1,1, 3,3-tetra-acetyl  propane  was  prepared 
by  the  reaction  of  sodium  acetylacetonate  with  methylene  dilodlde. 

(OH3CO)aCHa  +  Na  ether^  (CH3C0)aCHNa 
2(0H3C0)3CHNa  +  CHalg  -►  (CH3GO)  aCH-CHa-CH  (CH3CO)  3  +  2NaI 

Our  first  attempt  to  prertare  XX  by  a  formal  condensation 
was  unsuccessful.  The  failure  of  this  -orocedure-  is  attributed 
to  an  inner  condensation. 

3.  Amino  Acid  Polymers.  The  work  on  amino  acid  polymers  has 
been  done  by  M.  L,  Judd,  ft  was  undertaken  because  simple  ctf- 
arnlno  acids  are  knora  to  form  cobalt  (III)  Comdexes  which  are  very 
stable  toward  heat  and  chemical  reagents. 

It  ti^as  thought  that  a  stable  nolymer  might  result  from  the 
reaction  between  a  sexidentate  amino  acid  which  is  trldentate  to 
two  different  m.etal  ions  and  a  six  covalent  metal  ion  such  as 
cobalt  (III).  An  amino  acid  of  the  desired  type  might  result  from 
the  linking  of  two  p-amlno  glutarlc  acid  molecules  in  some  way  that 
would  nrevent  the  molecule  from  being  sexidentate  to  a  single 
metal  atom.  Accordingly,  p-amlno  glutaric  acid  was  synthesized 
as  a  model  compound  and  the  stability  of  its  complex  with  copper 
(II)  was  determined. 

Two  types  of  molecules  were  considered:  compound  XXI  can  be 
considered  an  analog  of  an  ethylenediaminetetraacetate , 


0 

M 

C-CHa 

0^  I 

_ N _ 

^0  I 
'^C-OHa 


fx). 


0 

II 

CHa-C 

I  ^0^ 

N - 

I  0^ 

CHa“C^ 

II 

0 


XXI 
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and  compound  XXII  is  a  dl-j3-amlnoglutar ic  acid, 

0  q 

il  II 

^C— CH -  (X) - CH_C \ 

■0^  I  I  ^0^ 

t-NH2~CH  CH_NH2_» 

0  I  I  0-^ 

'^C  — CHs  CH2-C^ 


•3JM' 


0 


0 


XXII 


In  order  to  determine  which  of  these  compounds  would  best 
satisfy  our  needs  it  was  thought  worthvjhile  to  determine  the 
hydrolytic  and  thermal  stabilities  of  the  metal-ligand  bonds  of 
the  two  compounds.  To  measure  the  hydrolytic  stability,  the  for¬ 
mation  constants  of  the  complexes  formed  by  a  series  of  metals 
ivith  tridentate  molecules  corresponding  to  half  of  the  sexidentate 
molecule  were  studied.  The  tridentate  corresponding  to  compound 
(XXI)  is  iminodiacetic  acid  (XXIII). 


CHa— C_0H 
0 


HN 

g— OH 


XXIII 


P-amino  glutaric  acid  (XXIV)  corresponds  to  half  of  compound  (XXII), 


CKg-C— OK 

I  0 

CII —  NHg 

I 

CHg  — OH 


CHs— C~0“ 
•  6  ^ 
or  CH — NH-,'^ 

I 

CHg— C~0H 

6 


XXIV 


The  formation  constants  of  the  complexes  of  compound  XXIII  with 
Cu(  II) ,  Ni(II),  Co(  II) ,  Zn(  II)  and  Cd(  II)  have  already  been  re¬ 
ported  by  Chaberek  and  Kartell  (6),  Sim.ilEr  measurements  were 
undertaken  for  ccm.plexes  of  com.pound  XXIV,  using  the  method  of 
the  above  authors. 
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As  the  complexlns  agent  Is  an  acid,  protons  will  be  given 
off  during  complex  formation.  Ov 

^C-CHs 

o'  I 

pi  C^-NHg  + 

0“^ 


It  is  possible  to  determine  the  formation  constant  for  the 
complex  by  pH  measurement.  To  do  this,  the  acid  dissociation 
constant  of  the  acid  must  be  known.  This  vias  determined  for  (3- 
amino  glu.taric  acid  with  data  obtained  from  a  pH  titration,  using 
the  relationships: 


HO  - 


-  CHa  -  (?H  -  CHa  -  g  -  OH  +  Cu"*"'" 


I 


^  [H+][a  +  (H+)] 

C^>'  [(a-irc^-  (OH)  ] 

k.,  =  ^A" 

r(a-l)  (OH-)] 

where:  a  =  moles  of  base/inole  acid 

0^  =  Initial  acid  concentration 

The  constants  ki  and  k^  may  also  be  determined  by  a  graphical 
method  if  they  differ  by  several  orders  of  magnitude.  In  this 
case  p  ki  =  pH  at  a  =  .5  and  p  ka  =  pH  at  a  =  1,5.  The  values 
obtained  for  p-am.ino  glutaric  acid  by  this  method  are  p  ki  =  4,20 
and  p  ka  =  9.07  at  26.  It  should  be  noted  that  these  data  cor¬ 
rect  an  error  made  in  an  earlier  report  (7)  where  it  was  reported 
that  the  ki  and  kg  v^ere  of  approximately  the  same  magnitude. 

The  first  formation  constant  for  the  p-amino  glutaric  acid- 
copper  (II)  com.plex  was  determined  from  data  obtained  from  a  pH 
titration  of  a  solution  containing  a  1:1  molar  ratio  of  acid  and 
copper  ( II)  ion.  The  following  relationships  are  utilized  in  the 
calculations : 

Cu'*’^  +  ^  CuA 

[Cu  a] _ 

rA-'^][Cu+®] 

(2-a)  -  rH+]  +  [0H~] 

2  [H~*~]^  + 

kg 


%ormi 

fA-^]  = 
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%ormi 


C^.  X  [A-^J 

[A’®]  [Cc^,++  +  X[A-»] 


X  =  Ih!!!  +  ^1 

ki  kg  kg 

Where:  a  =  moles  hase/mole  acid 

C*  =  Initial  acid  concentration 
A 

Ccu'*"*'  =  total  copper  ( II)  concentration 
ki  and  kg  =  dissociation  constants  of  P-amino  glutaric  acid 

The  value  obtained  by  this  method  is  ki  =  6.1  x  10®  or 
log  ki  =  6.78. 

Chaberek  and  Marteil  have  reported  the  logarithm  of  the  for¬ 
mation  constant  of  the  Iminodiacetic  acid  copper  complex  to  be 
10.55.  It  is  thus  seen  that  iminodiacetic  acid  forms  a  more 
stable  copper  complex  than  does  p-amino  glutaric  acid  by  a  factor 
of  ca.  10*. 

The  question  then  arises  as  to  whether  any  correlation  can 
be  drawn  between  hydrolytic  and  thermal  stabilities.  Our  forma¬ 
tion  constant  is  essentially  a  measure  of  the  difference  in  sta¬ 
bility  between  the  metal-aquo  complex  and  the  metal-amino  acid 
complex.  However,  in  comparing  two  complexes  consisting  of  the 
same  metal  ion  and  the  same  coordinating  atoms,  the  stabilities 
of  the  metal  aquo  complexes  should  effectively  cancel  out  and  the 
comparison  of  the  respective  stability  constants  should  be  a 
measure  of  the  relative  strengths  of  the  metal-ligand  bonds.  On 
the  other  hand,  the  thermal  stability  of  a  complex  refers  to  the 
thermal  stability  of  the  weakest  link  in  the  molecule.  If  the 
weak  link  in  the  molecule  is  that  between  the  metal  and  the  coor¬ 
dinating  atom,  the  relative  stability  constants  as  measured  above 
might  indicate  the  relative  heat  stabilities. 

If,  however,  some  other  link  is  weaker,  the  hydrolytic  sta¬ 
bility  constant  will  bear  no  relation  to  the  thermal  stability 
of  the  complex.  As  it  is  impossible  to  predict  which  will  be  the 
thermally  weak  link  in  the  complex  it  would  seem  advisable  to 
work  with  the  compound  which  stability  constants  indicate  pos¬ 
sesses  the  highest  metal-ligand  atom  stability.  Thus,  when  sev¬ 
eral  ligands  of  similar  type  are  under  consideration  as  possible 
polymer  formers,  it  would  seem  logical  to  investigate  the  one  with 
the  highest  hydrolytic  stability,  assuming  equal  ease  of  prepara¬ 
tion  and  manipulation. 

It  has  to  be  kept  in  mind  that  the  metal  atom  in  a  complex 
may  exert  an  oxidizing  or  reducing  effect  upon  the  atoms  coor¬ 
dinated  to  it,  or  it  may  catalyze  atmospheric  oxidation  of  the 
complex.  These  effects  are  more  apt  to  be  important  in  relation 
to  thermal  decomposition  than  in  relation  to  hydrolytic  decompo¬ 
sition. 
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For  the  determination  of  the  stability  of  the  zinc  and 
nickel  complexes  of  P-aminoglutaric  acid,  the  method  was  modi¬ 
fied  slightly  in  that  the  solution  containing  a  1:1  molar  ratio 
of  metal  ion  to  P-amino  glutarlc  acid  was  not  titrated  with  so¬ 
dium  hydroxide.  Instead,  sufficient  sodium  hydroxide  was  added 
so  that  the  ratio  of  base  to  acid  was  1,5/1.  This  mixture  was 
kept  at  25.00°C  over  night  and  the  pH  measured.  The  calculations 
are  the  same  as  before.  The  data  may  be  compared  to  those  obtained 
for  Comparable  complexes  of  iminodiacetic  acid. 


Metal 

P-amlno-glutaric  acid 
lo^  ki  _  . 

imino-diacetic  acid 
loe:  k. 

Cu  ( II) 

6.78 

10.55 

Zn  (II) 

5.70 

7.02 

Ni  (II) 

5.39 

8.30' 

These  data  support  the  conclusion  that  imino  diacetic  acid  is  a 
more  promising  model  compound  for  study  than  is  |3-amino-glutaric 
acid, 

A  study  of  complexes  of  benzidinediacetic  acid  was  begun, 
and  at  the  end  of  the  year  under  review,  was  well  under  way. 

Solutions  of  N,N’  benzidinediacetic  acid  and  copper  (ll) 
acetate  in  dimethyl  formamide  were  mixed,  whereupon  a  fine  olive- 
drab  precipitate  formed.  This  product  was  isolated  by  filtration, 
dried  and  submitted  for  analysis.  The  analysis  indicated  some 
carbonaceous  impurities  to  be  present.  Steps  are  underway  to 
purify  the  product. 


Cu(C2H302)2  +  H00CCH2NH-^^^-^^^NHCH2C00H  - ) 

00  C 

>Cu^  CHs 


^C00>^ 
CHs  Cu< 


4,  Polymers  of  bis-S-Hydroxvauinolines,  Since  8-h.ydroxy- 
quinoline  forms  stable  complexes  with  the  ions  of  many  heavy 
metals,  a  stu^y  of  polymeric  substances  containing  bis-8-hydroxy- 
quinollnes  was  undertaken,  the  work  being  done  by  M.  L.  Judd, 

The  synthesis  of  the  chelating  agents  has  offered  several  diffi¬ 
culties,  so  that  metal  derivatives  have  not  yet  been  studied. 

This  program  is  continuing.  The  first  bis-8-hydroxyquinoline  to 
be  studied  was  2,2-bis-5-(8-quinolinol)  propane. 
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HO 


OH 


XXV 


The  preparation  of  this  was  attempted  hy  the  following 
series  of  reactions: 


XXVIII 

Difficulty  was  encountered  in  obtaining  consistent  results 
in  the  nitration  of  2,2  diphenylolpropane  (XXVI),  A  systematic 
study  of  the  reactions  was  carried  out  by  varying  the  experi¬ 
mental  conditions  followed  by  the  isolation  and  identification 
of  all  products.  The  time  of  the  addition  of  nitric  acid  to  the 
reaction  mixture  was  found  to  be  of  critical  importance.  A  very 
slow  addition  of  the  nitric  acid  produced  the  nitrated  phenol 
in  excellent  yield.  A  change  in  the  procedure  of  the  synthesis 
which  shortens  the  time  required  will  be  mentioned  in  the  ex¬ 
perimental  section  of  this  report. 

An  extensive  investigation  indicated  that  the  catalytic 
hydrogenation  of  2, 2-bls-( 3‘ -nitro-4' -hydroxyphenyl) -propane 
(XXVII)  is  the  preferred  method  of  synthesizing  the  amine.  Re- 
crystallization  of  the  crude  product  from  absolute  ethanol  yields 
the  compound  as  long  white  needles.  Poisoning  of  the  catalyst 
can  be  avoided  only  if  the  starting  material  is  carefully  purified, 

Netals,  such  as  iron  and  aluminum,  easily  reduce  the  nitro 
groups. to  amines,  but  are  subsequently  coordinated  by  the  reduced 
form  of  the  material,  thus  making  separation  of  the  metal  from 
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the  ligand  difficult.  An  attempt  to  reduce  the  nitro  groups 
to  amines  by  sodium  sulfide  was  unsuccessful.  Infrared  analysis 
identified  the  material  obtained  from  a  sodium  reduction  of  a 
solution  of  the  nitro  compound  in  liquid  ammonia  as  the  desired 
amine.  This  product  was  less  pure  than  that  obtained  by  catalytic 
hydrogenation. 

Incidentally,  a  polymer  of  composition  XXIK  was  prepared  by 
causing'  the  amlncpheridl  to  react  with  copper  ( II)  acetate  in  a 
solution  of  methanol.  A  very  fine  grey  precipitate  formed  imme¬ 
diately.  An  investigation  of  the  structure  of  this  compound  is 
presently  underway. 


5.  .Silicon  Containing  Polymers.  These  have  been  investi¬ 
gated,  and  are  still  under  study,  by  John  KcLean. 

The  reaction  of  o  ,o* -dlphenol  vilth.  an  excess  of  silicon 
tetrachloride  has  been  reported  to  yield  o,o' -dlphenoxy-dl- 
chloro  silane  (XXX)  and  small  amounts  of  bls-o,o’ -dlphenyldioxy- 
silane  (XXXI)  (8). 


XXX  XXXI 


XXX  reacts  with  metal  oxides  to  give  products  XXXI  and  XXXII, 
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XXXII 


It  has  been  shown  that  when  XXXII  is  heated  in  a  high  boiling 
solvent  it  rearranges  to  a  resinous  four-fold  polymeric  molecule. 
These  reactions  suggest  that  silicon  tetrachloride  might  react 
with  a  phenol  containing  four  hydroxyl  groups  suitably  arranged 
to  give  a  polymer.  Thus,  reaction  between  2,2' ,6,6' -tetrahydroxy- 
biphenyl  (XXIII)  and  silicon  tetrachloride  might  lead  to  the  poly¬ 
mer  OOQCIV).  Accordingly,  the  syntheses  of  2,2' ,6,6' -tetrahydroxy 
biphenyl  (XXXIII)  and  3,3' ,4,4' 


0 

0 


N 

Si 


0- 

0- 


XXXIII  XXXIV 

tstrahydj?oTy-benzophenone  (XXXV)  were  undertaken. 


:Kr°Trj):: 


XXXV 

a)  Synthesis  of  2.2' .6 .6' -tetramethoxv-binhenyl  (XXXVII) 
2-Iodo-l,3-diffiethoxy  benzene  (XXXVI)  was  conveniently  pre¬ 
pared  by  reaction  of  iodine  with  1, 3-dime thoxy-phenyl  lithium 
(yield  90^).  Reaction  of  XXXVI  with  activated  copper  produced 
the  desired  tetramethoxy  compound  in  90^  yield. 


b)  Synthesis  of  3,3' ,4 .4'-tetramethoxy-ben70Phenone 
3,3' ,4 ,4' -tetramethoxy-benzophenone  (XXXVIII)  was  conven¬ 
iently  prepared  using  the  Friedel-Craf t  reaction  between  veratroyl 
chloride  and  veratrole. 


8 


XXXVIII 


OMe 

OMe 
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C)  Attempted  demethvlatlon  of  XXXVII  and  XXXVIII 


Many  attempts  have  been  made  to  demethylate  XXXVII  and 
XXXVIII.  These  compounds  appear  to  be  resistant  to  the  methods 
commonly  used  for  demethylation.  XXXVII  has  been  reported  to 
demethylate  upon  heating  under  reflux  with  hydrogen  Iodide  (9). 
This  reaction  could  not  be  repeated.  Other  methods  which  were 
attempted  unsuccessfully  Include 


a)  He'atlng  with  a  solution  of  sodium  hydroxide  In  dlethy- 
lene  glycol. 

b)  Heating  with  a  solution  of  aluminum  chloride  in  carbon 
tetrachloride. 

c)  Heating  with  a  solution  of  aluminum  bromide  in  benzene. 

d)  Heating  in  aqueous  hydrogen  iodide  with  Iodine  and  red 
phosphorus  catalyst. 

e)  Heating  with  hydrogen  iodide  in  acetic  acid, 

f)  Heating  with  aqueous  hydrogen  Iodide  with  phosphonlum 
Iodide  catalyst. 

g)  Heating  v/lth  aniline  hydrochloride. 

h)  Heating  with  a  solution  of  aluminum  bromide  in  nitro¬ 
benzene  . 

Failure  of  the  demethylation  procedures  Is  believed  to  be  a 
sterlc  problem.  Since  optimum  conditions  could  not  be  found 
to  overcome  these  factors,  an  alternate  procedure  has  been  car¬ 
ried  out  for  XXXVIII. 


d )  Synthesis  of  Hydro vanlllo in 
Hydrovanilloln  OCXXIX)  was  prepared  by  the  electrolytic  re¬ 
duction  of  vanallin  (10). 


e )  Synthesis  of  Vanlllll  aaaoa 

Vanlllil  (XL)  was  prepared  by  oxidizing  hydrovanilloln  with 
copper  ( II)  hydroxide  in  acetic  acid. 


XXXDC  OH  OH  XL 

f )  Synthesis  of  3,5'-4.4*-Tetrahydroxy-benzophenone 
Attempts  to  prepare  3,3' ,4,4'  tetrahydroxy-benzophenone 
gave  the  3,3' -dime thoxy,  4,4' -dihydroxy  derivative.  Since  Pearl 
reports  no  analysis  for  his  products,  he  may  well  have  had  this 
same  material. 
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g)  Synthesis  of  S ^5'- dlmethoxy-4 ,4* ■-dlhydroxy~d.iphenvl~ 
me thane « 

Treatment  of  XLI  with  sodium  hydroxide  and  silver  oxide  leads 
to  3,3' -dimethoxy-4,4’ -dihydroxydiphenylmethane ,  XLIII  (12), 


XLIII 


Attempts  to  demethylate  this  are  in  progress. 


DiJriydroxydiphenyl  sulfone  is  commercially  available  and  can 


easily  be  nitrated.  If  this  product  is  reduced  and  the  diazonium 


salt  formed,  hydrolysis  to  the  3,3' ,  4,4'» tetrahydroxydiphenyl 
(XLVII)  should  be  easily  accomplished.  This  synthesis  is  now  in 


progress , 


6.  Phthalocyanlne  Polymers.  During  the  past  year,  the 
earlier  work  on  phthalocyanlne  polymers  has  been  extended  by 
John  McLean,  Efforts  have  been  made  to  obtain  polymers  of  higher 
molecular  weight  and  greater  stability. 

Variation  of  reaction  conditions,  e,g,,  temperature,  amount  of 
reactants,  and  time  of  reaction  appears  to  have  little  effect  on 
increasing  the  molecular  weights  beyond  a  limit  of  ca.  5,000  for 
a  given  reaction.  In  the  past  the  amount  of  ancillary  reagent 
used  in  the  synthesis  has  been  kept  small.  This  precaution  was 
based  on  the  assumption  that  traces  of  the  ancillary  actually  re¬ 
place  the  coordinating  metal  in  the  phthalocyanlne  unit.  It  is 
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TDOssible  that  this  assumption  Is  Invalid  because  ancillary  con¬ 
tent  of  the  product  has  not  been  determined  directly.  Ancillary 
metals  have  been  Identified  In  the  solutions  which  remain  after 
electrolytic  deposition  of  copper.  Inasmuch  as  this  la  not  con¬ 
clusive  evidence,  future  plans  Include  Increasing  the  amount  of 
ancillary  reagent  In  the  synthesis.  A  direct  analysis  of  the 
samples  for  ancillary  metals  will  be  necessary  to  check  copper 
replacement  by  ancillary  metals. 

"Recycling",  or  subjecting  the  largest  polymers  to  polymer¬ 
ization  processes  has  been  the  only  method  employed  thus  far 
which  Increases  polymer  size.  Analysis  Indicates  that  the  first 
cycle  Increases  the  molecular  weight  by  a  factor  greater  than  ten. 
Products  obtained  from  additional  cycles  have  not  been  analyzed 
but  are  much  darker  (black)  which  Indicates  that  the  molecular 
weight  la  larger.  The  only  draw  back  to  this  process  Is  the  fact 
that  yields  become  surprisingly  smaller  with  each  successive  re- 
cyclization.  After  four  cycles  the  yield  of  the  polymer  la  too 
small  to  allow  the  process  to  be  efficiently  repeated. 

Previously,  end  group  titration  of  the  free  carboxyl  groups 
has  been  eraoloyed  to  determine  eoulvalent  weights.  The  insolu¬ 
bility  of  the  oolymerlc  comolex  In  water  made  this  process  very 
slow  and  difficult.  Additions  of  O.IN  sodium  hydroxide  had  to 
be  made  In  small  increments  and  twelve  hours  allowed  for  reaction 
after  each  addition.  Presently  this  method  has  been  Improved  by 
adding  an  excess  of  O.IN  sodium  hydroxide,  allowing  the  solution 
to  stand  for  twelve  hours  and  back-titrating  this  excess  with  O.IN 
hydrochloric  acid.  This  method  gives  comparable  results  with  the 
former  and  la  many  times  faster.  The  validity  of  this  procedure 
rests  on  the  assumption  that  decarboxylation  of  the  peripheral 
carboxyl  grouos  does  not  occur  during  preparation  of  the  polymer. 
As  yet  no  method  has  been  devised  to  check  the  possibility  of 
decarboxylation  or  the  extent  of  decarboxylation  of  these  peri¬ 
pheral  groups. 

The  various  methods  which  have  been  employed  in  attempts  to 
synthesize  heat  stable  phthalocyanlne  polymers  have  all  involved 
the  reaction  of  pyromellitic  dlanhydrlde,  copper,  urea  and  an 
ancillary  reagent.  The  numerous  variations  of  this  reaction  can 
be  described  under  three  general  types.  Synthesis  In  which  (l) 
a  cooper  (ll)  salt  is  used  and  molten  urea  serves  as  the  reaction 
medium;  (2)  a  copper  (II)  salt  Is  used  and  the  reaction  mixture 
Is  refluxed  In  a  dichlorobenzene  euepenslon;  (3)  copoer  powder  Is 
used  with  an  oxidizing  agent  and  the  reaction  mixture  la  refluxed 
In  a  trl chlorobenzene  solution. 

The  heat  stabilities  of  samples  Prepared  by  the  above  methods 
have  been  found  by  heating  these  samples  In  a  nitrogen  atmosphere 
and  recording  weight  losses  periodically.  The  temperatures  at 
which  weight  losses  were  greater  than  2^  were  abltrarlly  used  as 
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points  of  thermal  decomposition.  The  mean  decomposition  tempera¬ 
tures  of  samples  prepared  by  the  three  methods  cited  above  were 
found  to  be  as  follows; 


Extended  heating  of  the  reaction  mixture  had  little  or  no 
effect  on  increasing  the  thermal  stability  of  the  products  ob¬ 
tained,  The  stabilities  of  these  polymeric  substances  are  sur¬ 
prisingly  low  xvhen  compared  with  the  high  thermal  stability  of 
copper  phthalocyanlne  Itself,  If  copper  phthalocyanine  is  heated 
under  reduced  pressure,  sublimation  commences  at  550°C  and  is 
rapid  at  580°C  (13),  On  the  basis  of  this  observation  it  is  con¬ 
cluded  that  attempts  to  form  the  polymer  result  in  drastic  losses 
in  heat  stability.  There  seem  to  be  two  possible  explanations 
for  this  odd  behavior  of  the  polymer. 

(1)  It  has  been  reported  that  the  monochloro-  derivative 
of  copper  phthalocyanlne  cannot  be  sublimed  but  is  decomposed  on 
heating  at  a  much  lower  temperature  than  the  parent  compound  (13), 
This  decomposition  occurs  with  the  evolution  of  hydrogen  chlor¬ 
ide.  This  would  seem  to  Indicate  that  if  there  is  any  chlorin¬ 
ation  of  the  polymer  in  the  course  of  the  synthesis,  great  losses 
in  thermal  stability  are  to  be  expected, 

(2)  A  decrease  in  resonance  stability  of  the  polymer  due  to 
cross  linkage  could  subsequently  cause  a  decrease  in  thermal 
stability.  The  difficulties  involved  in  the  synthesis  of  a 
phthalocyanine  polymer  hove  led  to  a  broader  approach  to  polymer 
synthesis.  Other  possibilities  in  polymer  formation  are  also 
being  presently  investigated. 

The  substitution  of  zirconium  tetrachloride  for  zirconium 
oxychloride  to  prevent  possible  chlorination  failed  to  increase 
the  heat  stability  of  the  product.  Using  a  mixture  of  solvents 
as  reaction  media  did  not  aid  in  the  growth  of  larger  polymeric 
units. 


Ohe  of  the  difficulties  encountered  in  the  synthesis  of 
phthalocyanine  polymers  has  been  that  of  finding  a  suitable  sol¬ 
vent  for  the  reactants.  Orthodichloro  benzene,  trlchloro  benzene 
and  mixtures  of  these  two  solvents  have  previously  been  employed 
as  reaction  media.  Since  the  reaction  mixture  was  only  sparingly 
soluble  in  these  solvents,  it  was  necessary  to  reflux  a  suspension 
of  starting  materials  for  varying  periods  of  time.  Maximum  thermal 
stability  for  products  obtained  from  the  above  reaction  xvas  253°C, 
Weight  losses  were  greater  than  5%  when  this  temperature  was  ex¬ 
ceeded. 
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Solubility  difficulties  have  been  overcome  in  the  synthe¬ 
sis  of  phthalocyanine  polymers  by  employing  dimethyl  formamide 
as  a  solvent.  All  of  the  starting  materials  are  completely 
soluble  in  this  compound  and  the  thermal  stabilities  of  the  products 
obtained  are  increased  considerably.  Reaction  conditions  were 
varied  employing  dimethyl  formamide  as  a  solvent  for  the  synthe¬ 
sis.  Three  sam.ples  were  obtained.  First,  the  thermal  stabilities 
were  determined  for  the  crude  samples.  Sample  I  decomposed  at 
277°C,  and  samples  II  and  III  decomposed  at  300®C  (3%  loss  or  more). 
Secondly,  the  stabilities  were  redetermined  for  these  samples  af¬ 
ter  treatment  with  warm  dilute  sulfuric  acid.  These  data  are  re¬ 
corded  in  Table  III. 


Table  III 


Percent 

weight 

loss 

from  purified  samples  on 

heating 

Temperature 

224 

250 

280  290  316  330 

348  360 

Sample  I 

2,35^ 

1,6^ 

0.8%  1.2%  Decom.  - 

- 

Sample  II 

Q,Z% 

0,23%  0.85%  0.75%  0.97%  Decora. 

,  - 

Sample  III 

1.1^ 

0.6% 

0.67%  0.91%  0.47%  - 

0.9%  Decom, 

These  data  indicate  that  decomposition  is  catalyzed  by  im¬ 
purities,  If  the  purification  procedure  which  was  em.ployed  can 
be  improved,  thermal  stability  should  also  Increase, 


B,  Attempts  to  Form  Polymers  by  Linking  Mononuclear  Complexes 
Together. 

The  general  method  of  forming  polymers  by  condensation  with 
organic  materials  has  not  been  studied  as  extensively  as  the  for¬ 
mation  of  polymers  by  direct  coordination.  Hovfever,  some  of  the 
results  .which  have  been  obtained  shovr  promise,  and  the  work  v/ill 
be  given  increased  emphasis, 

1.  Polymers  from  3-Hydrox.vethylglvclne.  Previous  workers 
(14)  on  this  program  had  attempted  to  utilize  the  free  hydroxyl 
groups  in  tris(  p-hydroxyethylethylenediam.lne) -cobalt(  III)  salts 
in  polyesterification.  No  proven  examples  of  polymer  formation 
were  obtained,  the  hydroxyl  groups  being  inert  to  attack  by  a 
wide  variety  of  chemical  reagents  (15).  It  was  postulated,  that 
this  Inertness  is  duf  to.  the  proximity  of  the  hydroxyl  group  to 
the  charged  cobalt  atom.  It  appeared  evident  that  the  metal  com¬ 
plex  compounds  which  would  be  formed  by  reaction  between  3-hy¬ 
droxy  ethyl-glycine  (XLVIII)  and  copper  (II),  nickel  (II)  and  co- 
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bait  (III)  salts  would  be  similar  in  constitution  to  the  above 
described  cobalt  (III)  salt.  Such  compounds  would  be  non-valent 
and  appeared  to  be  more  suitable  for  polyesterification  studies. 


HO-CH2-CH2  CH2-COOH  HO-CH2-CE2-NH  0 

>N1 

0  ^m-CEzCEzOE 

^CO-CH^ 

XLVIII  XLIX 


P-Hydroxyethylglycine  has  been  synthesized  in  67%  yield  and 
the  copper  ( II)  "and  nickel  ( II)  complexes  prepared.  The  copper 
(II)  Complex  melts  with  decomposition  at  220°,  Hov/ever,  the 
nickel  (II)  complex  (XLIX)  was  found  to  be  reasonably  heat  stable. 
It  can  be  heated  to  320°  without  meltirig  or  decomposition  and 
was  therefore  selected  for  polyesterification  studies.  These 
metal  complexes  were  found  to  be  completely  insoluble  in  a  wide 
range  of  organic  solvents  and  to  be  soluble  only  in  water.  Hence, 
polyesterification  reactions  are  rendered  difficult.  There  was  no 
reaction  observed  between  XLIX  and  sebacic  or  terephthallc  acid, 
nor  could  ester- interchange  reactions  between  XLIX  and  dimethyl 
sebacate,  diethyl  malonate  or  dimethyl  terephthalate  be  effected 
in  the  presence  of  selected  catalysts.  Fusion  of  XLIX  with  phtha- 
lic  anhydride  at  170°  was  shown  to  give  the  monophthalate  ester 
(L).  L  is  a  blue-green  solid  which  is  heat  stable  at  320°,  VJhen 
a  finely  povfdered  sample  of  L  was  heated  in  vacuo  at  170°  for  four 


a 


,CH2“C0. 

C00-CH2CHa  /  \ 

^NH  0 

cooH  ">►  Ni 

0  ^NH-CHgCHaOH 

'^CO-CHa^ 


hours,  self-condensation  occurred  and  the  polymer  LI  (n=2  or 
was  obtained. 


^CO-CH^ 

0^  ^  NH-CHa-CHg- 

^Nl<^ 

^NH  ^.0 

-CHa  ^CHa-CO^  * 


H 

n 


3) 


LI 
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It  la  evident  that  If  metal  complex  compounds  similar  to  XLIX, 
but  soluble  In  organic  solvents,  could  be  prepared,  then  high 
molecular  weight  polyesters  of  composition  similar  to  LI  might 
be  accessible.  Also,  when  an  aoueous  solution  of  XUX  Is  agi¬ 
tated  with  a  carbon  tetrachloride  solution  of  benzoyl  chloride, 
0-benzoylatlon  occurs,  the  monobenzoyl-eater  (LIl)  being  ob¬ 
tained.  'This  reaction  la  of  Interest,  as  use  of  a 


-COO-GHa-OHa-NH'^ 


CHa-CO^ 
N1 


CO-CHs 


0 

NH-CHa-CHa-OH 


LI  I 

bls-acylchlorlde  (such  as  succlnoyl  chloride)  may  result  In 
polymer  formation. 

2.  Polymera  fram  3all.cylldene  ethanQlaiiiln£L  ang  2-erfly&rQ33L- 

ethvlamlnontthvl  Phenol  . 

In  order  to  obtain  metal  complex  compounds  which  would  be 
soluble  In  organic  solvents  and  yet  similar  In  structure  to  XLIX, 
salloylldene  ethanolamine  (LIIl)  and  2-p-hydroxyethylamlnomethyl- 
phenol  (LIV)  have  been  studied.  LIII  condenses  readily  with 
suitable 


CH=NCHaCHaOH 

OH 


CHaNHCHaCHaOH 

OH 


LIII 


LIV 


zinc  (ll),  copoer  (II)  and  nickel  (ll)  salts  to  form  metal  chelate 


compounds  of  composition 

/ 

/CHa 


LV. 

OH 


These  metal 


LVa: 

M  =  Cu 

(II 

IfiT  ™  =  'J 

LVb: 

M.  =  N1 

(II) 

0  M  0  ^ 

LVc: 

M  =  Zn 

(II) 

HO- 


-CHa 


OH 


LV 
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complexes  are  insoluble  in  water  and  are  soluble  in  a  wide  range 
of  organic  solvents.  The  copper  ( II)  complex  (LVa)  appears  to  be 
most  stable  toward  heat,  melting  at  177°  and  being  stable  to  300  . 
Fusion  of  LVa  with  phthalie  anhydride  at  170®  resul'ted  in  the 
formation  of  polymeric  material.  During  the  course  of  the  reac¬ 
tion  a  small  amount  of  salicylaldehyde  was  liberated,  due  to 
fission  of  the  azo-methine  linkage.  In  order  to  circumvent  this, 
experim.ents  will  be  conducted  using  metal  chelate  compounds  de^^ 
rived  from  the  reduced  form  (LTV)  of  LIII.  Hydrogenation  of  the 
imine  linkage  confers  a  stronger  donor  power  on  the  nitrogen  atom 
and  should  result  in  the  formation  of  very  stable  metal  complexes. 
Catalytic  hydrogenation  of  LIII  using  Saney-Nickel  catalyst  was 
expected  to  give  LIV,  a  similar  reduction  having  been  observed 
with  allied  Schlff’s  bases  (16),  No  reduction  took  place,  even 
under  higher  pressures  than  those  reported  in  the  literature. 

This  can  probably  be  attributed  to  deactivation  of  the  catalyst 
by  chelation  with  LIII.  The  reduction  was  successfully  carried 
out  using  a  platinum  oxide  catalyst  at  IGOO  lbs,  pressure. 

Under  the  supposition  that  the  fission  of  the  azomethine 
linkage  mentioned  above  was  due  to  hydrolysis  by  the  water 
liberated  in  the  reaction,  attempts  were  made  to  form  polymers 
by  ester  interchange  between  LVa  and  dimethyl  terphthalate. 

The  polymeric  material  so  obtained  may  be  melt  drawn  but  Is 
brittle  in  the  solid  state.  Analyticai  results  suggest  the 
polym*er  has  structure  LVI, 


LVI 


Also,  LVa  was  caused  to  react  with  8,4-tolylene-diissocyanate 
by  heating  under  reflux  in  chlorobenzene.  The  polymer  LVII 
precipitated  from  solution.  After  these  two  experiments  had  been 
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LVII 


carried  out  the  thermal  stability  of  LVI  and  LVII  was  determined. 
In  each  case  d ecomnosition  occurred  below  200°.  It  was  evident 
that  heat  stability  would  not  be  found  in  polymers  of  these  types 
Accordingly^ this  project,  as  well  as  that  using  metal  complexes 
of  p-hydroxyethyl-glyclne,  was  temporarily  abandoned. 

3.  Polymers  from  Ethvlenediamine~N,ir-bi8-p-HydrQxyethyl~ 
N.,N.h-Piacetic  Acid. 

Before  the  lack  of  heat  stability  of  polymers  formed  by 
condensation  was  discovered,  some  effort  was  made  to  prepare 
the  monomer  LIX. 


HOCHaOHa 

\ 

^CHaCHaOH 

NCHaCRaN 

\ 

NaOOCCHa 

CHaCOONa 

LVI  II 


CH  "*CH 

HOOHaOHsN^  ^^NCHaCHgOH 

0  0 
LIX 


2B 
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Treatment  of  the  appropriate  metal  salt  with  a  solution 
of  versene-diol  (LVIII)  forms  a  complex  immediately.  Isolation 
of  these  complexes  in  pure  form,  however,  proved  difficult. 
Attempts  were  then  made  to  eliminate  the  impurities  by  allowing 
the  acid  form  of  versene-diol  to  react  with  the  appropriate 
metal  carbonate.  The  acid  form  was  prepared  by  passing  the 
sodium  salt  through  a  cation  exchange  resin  in  the  hydrogen  cycle. 

The  complex  between  copper  (II)  and  versene-diol  (LVIII) 
was  prepared  by  treating  the  acid  form  of  versene-diol  with 
copper  powder.  An  attempt  has  been  made  to  produce  a  polyure¬ 
thane  by  causing  the  monomer  to  react  with  tolylene  diissocynate. 
This  work  is  not  yet  complete. 
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III.  EXPERIMENTAL 


A.  Attempt fl  to  Form  Polyrnfirs  bv  Coordination  with  Metal  Iona 

1.  Thloplcollnamlde  Polymer a 

a)  ^f3v-‘Blfl'-.(g--.tMQplQQllnaml^Q )“dl.phen,yl,  .(.171 

Benzidine  (18.4  g.,  0.1  mole),  sulphur  (19.2  g.,  0.6  mole) 

and  a-plcollne  (18.6  g.,  0.2  mole)  were  mixed  and  heated  at 
l4o°  for  6  hours.  After  cooling,  the  solid  residue  was  reory- 
stallized  several  times  from  an  ethanol-methyl  cellosolve  mixture. 
4-Amlno“4 '-p-thloplcolinaraido-dlphenyl  crystallized  as  orange 
prisms,  mp.  I75®.  Anal. ;  Calcd.  for  C.eH.BNaS;  0,  70.7;  H,  4.9. 
Found:  C,  70.2;  H,  4.8. 

An  intimate  mixture  of  4-amlno-4 '-a-thlopicolinamido-dlphenyl 
(3.05  g.,  0.01  mole),  sulfur  (O.96  g..  0.03  mole)  and  a-plcollne 
(1.39  0.015  mole;  was  heated  at  l6o°  .until  hydrogen  sulfide 

was  no  longer  evolved  (about  six  hours).  The  residua]  solid  was 
washed  with  carbon  disulfide  to  ■f’emove  any  remaining  sulfur,  and 
was  then  recrystallized  several  times  from  pyridine.  The  bls- 
thloamlde  crystallized  in  orange  needles,  mp.  237°.  Anal.:  Calcd. 
for  Ca4Hi8N43a;  C,  67.6;  H,  4.2;  N,  I3.I.  Found:  C,  67.8;  H,  4.1; 
N,  17. 0. 

o-Plcollne  (75.0  g. ,  0,8  mole),  sulfur  (72. 8g.,  2,2  mole)  and 
benzidine  (3^.^  g.,  0.2  mole)  were  intimately  mixed  and  heated 
under  reflux  for  fifteen  hours.  Excess  a-plcollne  was  removed  by 
distillation  and  the  solid  residue  was  recrystallized  several  times 
from  pyridine,  being  first  washed  with  carbon  disulfide  to  remove 
excess  sulfur.  The  thloamlde  crystallized  in  orange  needles,  mp. 

23^-7®. 

b)  Preparation  of  (4,4 »-Bl a-thiopioolinamido-diphenyll-niokel 
polymer  (Vb) 

An,  intimate  mixture  of  ^J,4»-bls-thloplcollnaraido-dlphenyl 
(2.13  g.,  0.005  mole)  and  bls(pentane-2.4-dione)-nlckel  (ll) 

(1.28  g. ,  0,005  mole)  was  heated  at  270®/l  mm.  After  four  hours 
a  red-brown  solid.  Insoluble  in  many  organic  solvents,  had  formed 
and  2,4-pentanedlone  (O.96  g)  had  collected  in  the  receiver.  The 
polymer  did  not  melt  below  300°.  Anal . !  Calcd.  for  Ca4Hi8Na3aNl; 

C,  59.6;  H,  3.3.  Found:  C,  6l.7;  H,  3.6. 

c)  ,  £i:£.paratlpn,  of  r4^4j-Bls— thlQPlcolinamido-diphenvn- 

copper  (Ip  -  polymer  (Va) 

The  copper  (II)  polymer  was  prepared  in  a  similar  manner  to 
that  described  above  for  the  nickel  (II )  compound,  using  4,4'- 
bls-thioplcpllnaraido-dlphenyl  (2.I3  g.,  0.005  mole)  and  bis- 
(pentane  2,4-dione)-copper  (ll)  (1.31  g.,  0.005  mole).  It  was 
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obtained  as  a  brown  powder  which  did  not  melt  below  300°.  Anal. ; 
Calcd.  for  C24H16N2S2CU;  C,  59.0;  H,  3,2,  Found  C,  59.4;  H,  3,5. 

d)  4f4' -bis-thiopicolinamido-benzophenone  (XI) 

4 , 4-diacetylamino-dlphenylme thane 

Acetic  anhydride  (102  g. )  was  slowly  added  to  a  solution  of 
4 ,4* “diamino-diphenylmethane  (100  g. )  in  glacial  acetic  acid 
(l5o  ml.)  and  the  mixture  warmed  on  the  steam  bath  for  1  hour, 

"’he  solution  was  cooled,  vrater  (300  ml.)  added  and  the  white  solid 
collected.  The  crude  product,  4 ,4-diacetylamino-dinhenylinethane , 
melted  234°. 

4,4* -diacetylamino-benzophenone  ( IK) 

To  a  solution  of  the  acetyl  compound  (28,2  g. )  in  glacial 
acetic  acid  (100  ml.)  was  added  chromic  oxide  solution  (36  mis. 
of  a  solution  containing  100  g.  of  chromic  oxide  in  50  ml,  of 
water  and  240  ml.  of  glacial  acetic  acid).  The  mixture  was  warmed 
on  the  steam  bath  for  one  hour,  then  cooled  and  500  ml.  of  water 
was  added.  The  precipitated  4,4* -dlacetylamino-benzophenone  (IX) 
v;as  collected  and  dried.  It  melted  at  220°, 

4,4*  ~diamino-ben20Phenone  ( X) 

The  acetylated  ketone  (100  g.)  was  mixed  with  sulfuric  acid 
(300  ml,  of  30^  acid)  and  warmed  on  the  water  bath  for  four  hours. 
The  Solution  was  then  filtered,  and  the  filtrate  was  cooled  and 
made  alkaline  with  ammonia.  The  precipitated  4,4* -diamino-benzo- 
phenone  (X)  was  collected  and  dried.  It  melted  at  180-230°C, 

The  crude  product  could  be  purified  by  precipitation  from  hydro¬ 
chloric  acid  solution  with  ammonia.  It  was  eventually  obtained 
as  light  brown  needles,  mp,  245°, 

4,4* -bis-thloplcolinamldo-benzophenone  (XI) 

An  intimate  mixture  of  a-picoline  (19  g, ,  0,2  mole),  sulfur 
(17,5  g, ,  0.55  mole)  and  4,4* -diam-ino-benzophenone  (10.  g,  0.05 
mole)  was  heated  under  reflux  for  15  hours.  Hydrogen  sulfide  was 
evolved.  After  this  time,  excess  a-picoline  was  removed  by  vac¬ 
uum  distillation  and  the  residue  was  dissolved  in  pyridine  (150 
ml.)  by  heating.  On  cooling,  sulfur  (10  g.)  crystallized.  This 
was  removed  by  filtration  and  the  filtrate  was  evaporated  under 
reduced  pressure.  The  residual  orange  colored  4,4* -bis-thiopi- 
colinam-ido-benzophenone  (XI)  was  recrystallized  many  times  from 
a  mixture  of  dimethyl  formamlde  and  ethanol  and  was  eventually 
obtained  in  golden  plates,  mp.  181°,  ' 

Anal. ;  Calcd.  for  C2BH18N4S2O;  C,  66.1;  H,  4.0;  N,  12.3. 

Povind:  C,  66.2;  H,  3.9;  N,  11.8. 
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e)  Polymers  derived  from  4 ,4* -bls~thloplcollnamldo-benzo- 
Phenone 

These  polymers  were  prepared  by  addition  of  a  methanol  solu¬ 
tion  of  the  appropriate  metal  acetate  (1  mole)  to  a  solution  of 
XI  (1  mole)  in  dimethyl  formamide.  In  each  case,  the  polymeric 
material  precipitated  Immediately  from  solution.  The  mixture  was 
usually  heated  under  reflux  for  oner-half  hour  to  ensure  complete 
reaction. 


Copper  (  II)  Polymer  (Xlla) 

Red  brown  solid 

Anal. ;  Calcd.  for  CssHi sN^SgOCu;  Cu,  58.2;  H,  3.1;  N,  10.9 
Found;  C,  57.1;  H,  3.1;  N,  10.4 

Zinc  (II)  polymer  (Xllb) 

Pale  yellow  solid,  mp.  300° 

Anal.:  Calcd.  for  CgsHi gN^SaOZn;  C,  58.0;  H,  3.1;  N,  10,8 
Found!  C,  57.0;  H,  3.1;  N,  10.5 

Nickel  (II)  polymer  (XIIc) 

Brown  solid 

Anal. ;  Calcd.  for  CggHi sN^SgONl;  C,  58.7;  H,  3.1;  N,  11.0 
Found:  C,  58.4;  H,  3.4;  N,  11.0 

4.4' -bis-thlopicollnamido-diphenylsulfone  (XIII) 

4,4‘-Diamlno-diphenylsulfone  (24,8  g. ) ,  sulfur  (38.4  g. )  and 
a-picoline  (lOO  g.)  were  heated  under  reflux  for  12  hours,  hydro¬ 
gen  sulfide  being  evolved.  The  excess  a-picoline  was  removed  by 
distillation  in  vacuo  and  the  residue  was  recrystallized  from 
pyridine.  The  solid  which  settled  out  was  washed  vfith  carbon 
disulfide  and  then  recrystallized  several  times  from  dimethyl 
formamide.  The  thioamlde  was  obtained  as  an  orange  micro-crystal-’ 
line  solid,  mp.  265,6°..  ^ 

Anal.:  Calcd.  for  C24H1 8N4S3O2 ;  C,  58.8;  H,  3.7. 

Found;  C,  58.9;  H,  3.6. 

g)  Polymers  derived  from  4.4' -bls-thiopicolinamldo-dlphen- 
ylsulfone  (XIII)  — 

‘  <  Zinc  (II)  polymer  (XIVa> 

Hot  solutions  of  zinc  (II)  acetate  (0.44  g, ,  1  mole)  in  di¬ 
methyl  formamide  (20  ml.)  and  XIII  (0.98  g. ,  0.002  mole)  in  di¬ 
methyl  formamide  (35  ml.)  were  mixed  and  warmed  on  the  water  bath. 


WADC  TR  57-391  Pt  II 


32 


After  15  niinutea,  s  yellow  soli^  orecioitatet^  from  solution.  Af¬ 
ter  30  minutes,  this  was  filtered,  washed  well  with  ethanol  and 
dried  in  vacuo. 

Anal.:  Calcd.  for  Ca4HiBN4S303Zn;  C,  51-9;  H,  3.2;  N,  10.1 
Found:  C,  51.5;  H,  3.O;  N,  10.4 

Nickel  fll)  polymer 

Hot  solutions  of  nickel  ^II)  acetate  (0.496  g.,  1  mole)  in 
methanol  (4o  ml.)  and  XIII  (0.9g  g. ,  1  mol.)  in  dimethyl  formaraide 
(30  ml.)  were  mixed.  A  brown  solid  precipitated  immediately  from 
solution.  The  mixture  was  heated  under  reflux  for  one-half  hour. 

The  brown  polymer  was  collected,  washed  well  with  ethanol  and 
dried  in  vacuo. 

Anal.:  Calcd.  for  C34Hi8N4S30aNi ;  C,  52.6;  H,  3-3;  N,  10.2 
Found:  C,  52.9;  H,  3.6;  N,  10. 3 

Conner  (II)  polvmer  (yiVc) 

Hot  solutions  of  XIII  (O.^B  g.,  1  mol.)  in  dimethyl  formamide 
(30  ml.)  and  copper  (II)  acetate  (0.4  g.,  1  mol.)  in  dimethyl 
formaraide  (15  ml.)  were  mixed  and  warmed  on  the  water  bath.  The 
solution  Im'iedlately  became  deep  brown  and  a'f’ter  ten  minutes  a 
brown  solid  crystallized  from  solution.  This  was  collected,  washed 
well  with  ethanol  and  dried  in  vacuo. 

Ami.:  Calcd.  for  Ca4Hi8N43303Cu;  C,  32.0;  H,  3.3;  N,  10.1 
Found;  C,  51.9;  H,  3.5;  N,  10.1 

2.  Fluorinated  l,VDlketone  Polvmer  a 

a)  l,l,2,2-Tetra(trlfluoro-acetvl)ethane  (XVIl). 

This  was  prepared  according  to  the  scheme  shown  on  page  10. 

Trlfluoro-acetic  add  (ll4  g..  1  mole)  was  added  with  stirring 
to  a  solution  of  sodium  hydroxide  (4o  g.,  1  mole)  in  water  (100 
ml.).  The  resulting  sirup  was  evaporated  to  dryness  in  a  vacuum 
desiccator  (sulfuric  acid  desiccant).  The  anhydrous  sodium  sali 
was  added  to  a  cold  mixture  of  ethanol  (120  ml.)  and  sulfuric  acid 
(150  g.  of  36^)  allowed  to  stand  at  room  temperature  for  three, 
hours.  The  mixture  was  heated  on  a  water  bath  and  the  liquid 
distilling  at  5^®“62°  was  collected.  The  distillate  was  dried 
over  calcium  chloride  and  distilled  from  phosphorus  pentoxlde. 

The  ethyl  trlfluoroacetate  distilled  as  a  colorless  liauid,  b.p. 

59-61.5®. 

To  prepare  l,l,l“trifluoro-acetone,  ethanol  ^23  g.,  O.H  mole) 
was  added  to  a  suspension  of  sodium  sand  (11. 5  g.,  0.5  mole)  In 
ether  (3OO  ml.)  After  the  exothermic  reaction  had  abated,  ethyl 
acetate  (44  g.,  0.5  mole)  was  added  and  then,  over  a  period  of 
one  hou:;  an  eouimolecular  quantity  of  ethyl  trlfluoro*  acetate  (7I  g.) 
The  mixture  was  heated  under  reflux  for  forty-eight  hours  and  then 
the  volatile  solvents  were  removed  in  vacuo.  The  residual  solid 
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was  dissolved  In  sulfuric  acid  (300  ml,  of  30^)  and  the  solution 
was  heated  under  reflux  until  the  organic  layer  had  completely 
disappeared.  The  vapors  passing  through  the  reflux  condenser 
were  directed  to  a  dry  Ice  trap  which  collected  trlfluoro-acetone 
(44  g. ,  80%), 

1.  1 .2. 2-Tetra(  trlfluoro-acetyl ) -ethane  (XVII)  was  prepared 
as  foj-lows: 

Ethanol  (8.6‘g. ,  0,187  mole)  was  slowly  added  to  a  suspension  of 
sodium  sand  (4,3  g. ,  0,187  mole)  In  ether  (100  ml.)  contained  In  a 
1-llter  3-necked  round-bottomed  flask  equipped  with  stirrer,  drop¬ 
ping  funnel  and  reflux  condenser.  Trlfluoro-acetlc  ester  (26.6  g, , 
0,187  mole)  was  then  added,  the  suspended  sodium  ethoxlde  dis¬ 
solving  to  give  a  clear  solution.  Trlfluoro-acetone  (21  g, ,  0.187 
mole)  was  added  and  the  solution  was  heated  under  reflux  for 
twenty  hour^.  The  reaction  mixture  was  evaporated  to  dryness  In 
vacuo  and  the  solid  residue  was  dissolved  in  ether  (500  ml.)  A 
solution  of  Iodine  (23  g.,  0,187  mole)  In  ether  (200  ml.)  was 
added  and  the  solution  was  heated  under  reflux  for  20  hours.  The 
ethereal  solution  was  washed  twice  with  200  ml,  of  10^  aqueous 
sodium  thiosulfate  solution,  dried  over  sodium  sulfate  and  evap¬ 
orated.  The  solid  residue  was  recrystallized  several  times  from 
a  benzene-petroleum  ether  mixture.  l,l,2,2-Tetra(trifluoro- 
acetyl) -ethane  crystallized  In  pale  yellow  needles,  mp,  144°, 

Anal. ;  Calcd.  for  CioH2Fi204*2H20;  C,  26,7;  H,  1.1. 

Pound:  C,  26,5;  H,  1,3, 

b)  1. 1. 3. 3-Tetra.- Acetyl  Propane 

Dry  sodium  acetylacetonate  (24.4  g. ,  0,2  mole)  (prepared  by 
the  reaction  of  equivalent  amounts  of  acetylacetone  and  divided 
sodium  in  absolute  ether)  was  mixed  with  an  excess  of  methylene 
Iodide  (117  g. ,  0.4  mole)  and  heated  at  130°  for  twenty-four 
hours.  The  reaction  mixture  was  filtered  and  the  solid  washed 
with  ether.  The  wash  liquid  and  filtrate  were  combined.  Upon 
standing,  the  ether  evaporated  off, leaving  an  oil.  The  product 
was  made  to  crystallize  by  allowing  It  to  stand  in  the  presence 
of  ether.  The  material  was  recrystallized  from  ethanol.  The 
product  has  been  submitted  for  analysis.  Yield  6  g.  (28.3^  of 
theoretical).  Pale  yellow  needles,  mp.  80°, 

3,  Amino  Acid  Polymers 

a )  Preparation  of  B-amlnoglutarlc  acid  (17) 

A  mixture  of  56  g.  of  ethyl  acetone ' dicarboxylate  dissolved 
In  150  cc  of  ethyl  ether  and  30  g.  of  phenyl  hydrazine  was  left 
at  0-5°C  for  24  hours.  Then  the  separated  water  was  decanted  and 
the  ethereal  solijtlon  was  dried  over  sodium  sulfate.  The  solution 
was  evaporated  under  vacuum  at  15-20°C.  The  phenyl  hydrazone  did 
not  crystallize,  but  remained  as  an  oil. 
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To  this  phenyl  hydrazone  of  56  g.  of  ethyl  acetone  dicar- 
boxylate  in  400  cc  of  ethanol  at  25-30°  was  added  40  g.  of  amal¬ 
gamated  aluminum  and  150  cc  HgO.  The  mixture  was  stirred  for  six¬ 
teen  hours,  after  which  another  two  grams  of  aluminum  amalgam  was 
added.  The  mixture  was  stirred  10  hours  more,  1600  cc  water  was 
added  and  the  alumina  was  filtered  off.  To  the  solution  was  added 
187  g.  of  barium  hydroxide.  After  three  days  an  equivalent  amount 
of  sulfuric  acid  was  added.  The  solution  was  filtered  and  concen¬ 
trated  to  yield  5  g.  of  P-amlnoglutaric  acid,  mp.  =  280°* 

Anal.:  Calcd.  C,  40.82;  N,  9,52;  H,  6.12.  Found:  C,  41.12; 

N,  9.43;  H,  6.17. 

b)  Measurement  of  the  stability  constants  of  the  3-amino- 
glutarates  of  zinc  and  nickel 

A  solution  of  zinc  sulfate  was  prepared  by  dissolving  0.3269 
g,  of  pure  zinc  metal  in  sulfuric  acid  and  diluting  the  neutra¬ 
lized  solution  to  one  liter.  This  gave  a  0,005J5_  solution, 

• 

A  solution  of  nickel  perchlorate  was  prepared  by  dissolving 
1.8285  g.  of  nickel  perchlorate  in  water  and  diluting  to  one 
liter.  This  solution  was  standardized  by  titration  with  the 
disodlum  salt  of  ethylenedlamlne  tetracetic  acid,  and  was  found  to 
be  0.005[1. 

P-Amino  glutarlc  acid  was  purified  by  three  recrystallizations 
from  water.  A  standard  solution  of  sodium  hydroxide  was  made  up 
from  an  " Ac culate" sample  and  checked  against  standard  hydrochloric 
acid. 

The  procedure  used 'for  the  pH  measurements  is  as  follows: 

1)  A  0.0147  g.  (10“*  moles)  sample  of  acid  was  diluted 
volumetrically  to  100  ml,  with  O.IN  KCl, 

2)  Into  a  100  ml.  volumetric  flask  was  put  10  ml.  of 

the  acid  -KCl  solution,  2  ml,  of  metal  ion  solution  and  1,50  cc 
of  .OIN  of  sodium  hydroxide.  This  solution  was  diluted  to  100 
cc  with  O.IN  KCl. 

3)  The  solution  was  kept  overnight  at  25°  and  the  pH  was 
measured.  The  pH  of  the  solution  containing  zinc  ion  was  7,84; 
the  pH  of  solution  containing  nickel  ion  was  8.01, 

c)  Preparation  of  a  conper-N,N’  benzidine  diacetic  acid 

A  solution  of  0.630  g,  (0.00315  mole)  of  cupric  acetate  monohy 
drate  in  20  ml.  of  dimethyl  formamlde  (TOP)  was  added  to  a  solu¬ 
tion  of  1.0  g.  (0,00315  mole)  of  N,N'-benzldlne  diacetic  acid  in 
100  ml.  of  DMF,  A  fine  olive-drab  precipitate  formed  immediately. 
This  was  allowed  to  stand  overnight.  The  precipitate  was  removed 
by  vacuum  filtration,  washed  with  ethanol,  ether  and  submitted 
for  analysis.  The  analysis  indicated  impurities  to  be  present. 
Anal. :  Calcd,  for  Cj 6Hi404NaCu;  C,  53.1;  H,  3.87;  N,  7,74, 

Found:  C,  55.5;  H,  5.14;  N,  7.75. 
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a)  2-Bls-5-( 8-aulnololVpropane  (XXV) 

The  synthesis  of  this  bis-hydroxyquinoline  as  outlined  on 
page  17  was  begun,  but  was  not  complete  at  the  end  of  the  period 
under  review. 

2.2--bls(  5*  •■nltro-4*  -hydroxvphenyl) -propane  (XXVII) .  Nitric 
acid  (Sp.'g  1,42,  45  ml.)  was  added  dropwise  with  stirring  to  a 
solution  of  bls-phenol  A  (45  g. )  in  benzene  (225  ml.)  and  acetic 
acid  (150  ml,),  the  temperature  of  the  solution  being  maintained 
between  0-6°.  After  the  addition  was  complete,  the  stirring 
was  maintained  for  a  further  30  minutes.  Water  (500  ml.)  and 
benzene  (300  ml.)  were  added  and  the  benzene  layer  was  separated. 
The  extracts  were  washed  well  with  water,  dried  over  calcium 
chloride  and  evaporated.  The  solid  residue  recrystallized  from 
ethyl  acetate  in  yellow  needles,  mp.  135°,  Yield,  45  g. ,  70^, 
Anal. ;  Calcd.  for  CxsHi^NaOe;  C,  56,6;  H,  4.4;  N,  8.8. 

Pound:  C,  56,6;  H,  4.7;  N,  8.7. 

In  the  course  of  this  Investigation j  it  was  found  that  the 
product  could  be  obtained  directly  from  the  reaction  mixture  by 
cooling  it  to  ca.  5°.  Upon  standing  at  this  temperature,  the 
product  crystallized  from  the  reaction  mixture  in  the  form  of 
needles.  These  were  Isolated  by  vacuum  filtration,  washed  with 
water,  ethanol  and  ether. 

Table  IV  summarizes  the  results  of  a  study  of  several  vari¬ 
ables  on  the  nitration  of  bis-phenol  A.  It  was  concluded  from 
this  study  that  the  rate  of  addition  of  the  nitric  ac.ld  to  the 
reaction  mixture  is  of  critical  importance.  It  also  appears 
that  cracked  ice  is  the  best  coolant  and  that  rapid  top  stir¬ 
ring  is  desirable. 
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Table  IV 

Effect  of  Variables  on  Nitration  of  Bis- Phenol  A. 


Trial 

Variable  A 

Trial 

B 

Trial 

C 

Trial 

D 

Stirring 

Slow 

Magnetic 

Rapid 

■St.  Top  St. 

Rapid 
Top  St. 

Rapid 
Top  St. 

Coolant 

Dry  Ice 
Acetone 

Salt- 

Ice 

Salt- 

Ice 

Ice 

Time  of 

HNO3  Add’n. 

ca.  20 
min. 

ca.  1 
hr. 

ca.  1 
hr. 

ca.  2 
hr. 

Time  of  Standing 
After  Add'n. 

1/2  hr. 

1/2  hr. 

4  hr. 

4  hr. 

f  of  Total  yield 
which  was  Mon- 
nltrated 

72.5 

100 

of  Total  Yield 
which  was  Bl- 
nltrated 

14.5 

100 

of  Total  Yield 
which  was  Trl- 
nitrated 

13 

100 

b)  2 ,  g-bl a- Y 3  »~amliio-4 ♦-hydrow-nhenvl )-propane  ( XXVIlll 
A  suspension  of  the  above  described  nltro  compound  In  ethanol 
wag  catalytlcally  reduced  over  PtOa,  at  1000  lbs.  pressure,  at 
go  ,  six  mols.  of  hydrogen  being  absorbed.  The  catalyst  was  re¬ 
moved  by  filtration  and  the  ethanol  was  evaporated.  The  residue 
which  remained  was  eluted  with  petroleum  ether  and  dried  In  vacuo. 
!Ibe  diamine  was  obtained  as  a  brown  colored  solid,  ^aal-.:  Calcd. 
for  CisHisNaOaj  0,  69.7;  H,  7-0.  Found;  C,  69.5*,  H,  7.1. 

The  amino  phenol  melts  at  265°,  is  soluble  In  formamlde,  hot 
ethanol,  hot  acetone  and  hot  ethylacetate  and  is  insoluble  In 
water,  chloroform  and  ether. 
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The  reduction  using  sodium  In  liquid  ammonia  was  carried  out 
as  follows: 

Into  ca.  500  ml.  of  liquid  ammonia  was  put  10  g.  of  2,2'- 
bls- (?‘-nltro-4'-hydroTy-phenyl)-propane  (0.0314  mole)  which 
dissolved  to  form  a  dark  red  solution.  To  this  solution  was 
added  21.0  g.  of  ammonium  chloride  (O.276  mole).  To  the  stirred 
solution  was  added  g.  of  sodium  (0.276  mole)  In  small  pieces 

over  8  nerlod  of  an  hour.  The  ammonia  was  allowed  to  evaporate, 
leaving  a  red-brown  solid.  The  solid  was  extracted  several  times 
with  boiling  ethanol  to  separate  the  reduced  amine  from  the  so- 
dlum  chloride  produced  In  the  reaction.  The  evaporation  of  these 
extracts  yielded  a  brown  powder  which  gave  the  same  Infrared  spec¬ 
trum  as  the  material  previously  Identified  as  the  amino-phenol. 

The  dissolution  and  subseouent  precipitation  of  this  material 
from  ethanol  failed  to  produce  crystals;  this  was  taken  as  an 
Indication  that  the  material  was  Impure. 

0)  Syntheala  of  a  copper  2,  2-blff-f  3''rflinlnQ~4,*..-hydrP3:g=. 

phenyl  i-propane.  complex  of  probably  polymeric,  nature  (XXIXJ. 

Into  a  solution  of  0.7760  g.  of  cupric  acetate  monohydrate 
(0. 00333  mole)  in  100  ml.  of  methyl  alcohol  was  poured  a  solu¬ 
tion  of  1  g.  of  2,2-bls-(3'-amlno-4'-hydroxy-phenyl)propane  (O.OO333 
mdle).  Immediately,  a  very  fine  grey  precipitate  formed;  this 
remained  In  suspension.  The  suspension  was  refluxed  for  ten 
minutes  and  allowed  to  stand  overnight.  The  precipitate  was  re¬ 
moved  by  filtration  and  digested  In  hot  water  overnight.  The 
material  was  again  Isolated  by  vacuum  filtration,  washed  with 
ethanol  and  ether  and  submitted  for  analysis. 

Anal.:  Oalod.  for  C iBHjsOaNaOu:  C,  56.2;  H,  5. 00;  N,  3.75;  25.0 

Found:  C,  56.5;  H,.  5. 01;  N,  3.21;  Cu,  24.1 

3.  Slllgc>n-Oo.ntalJiliig  Polymgr.a 

a)  Attempted  eyntheala  of  2, 2 '  ,^^6 '-_t£trahYdroxYblPhen.Yl 

rxxxiiiy 

From  2-nltroreflQrclnol 

2-Nltroresorclnol  was  prepared  by  a  modification  of  the  method 
of  Kauffman  and  DePay  (13).  I76  g.  of  resorcinol  In  ^Ine  crystals 

was  stirred  Into  1200  g.  of  20^  oleum  at  30-70°.  The  paste  was 
cooled  to  0°  and  a  mixture  of  120  g.  of  nitric  acid  and  320  g, 
of  20*^  oleum  wee  added  with  agitation  and  cooling.  Steam  dis¬ 
tillation  of  the  mixture  yielded  ^0  g.  of  2-nltroresorclnol  as 
orange  red  crystals,  mp.  34°.  This  was  converted  to  2,6-dlmeth- 
oxynltrobehzene  by  the  method  of  Bayer  (19).  100  g.  of  nltrores- 

orclnol  was  dissolved  In  300  cc  of  20“^  sodium  hydroxide  and  3OO  co 
of  water.  A-^ter  cooling,  200  g.  of  dimethyl  sulfate  was  added  and 
the  mixture  was  shaken  for  two  hours.  The  product  was  separated 
and  recrystalllzed  from  ethanol.  Yield,  100^;  mp.  113-25®. 
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Reduction  of  the  dimethoxynltrobenzene  gave  2,6-dimethoxy- 
aniline  (20).  120  g.  of  2,6  dimethoxynltrobenzene  was  dissolved 

in  600  cc  of  hot  ethanol  and  was  hydrogenated  at  80°  and  a  hy¬ 
drogen  pressure  of  75  kg/cm^  in  the  presence  of  Raney  nickel. 

The  solution  was  evaporated  to  200  ml.,  and  after  standing  over¬ 
night  the  crystals  were  collected.  Yield,  75  g;  mp.  75-77°, 

2p6>  Dimethoxydlazonium  sulfate.  A  solution  of  20  g.  of  di¬ 
me  thoxyanillne  in  80  g,  of  absolute  alcohol  was  mixed  with  20  g. 
of  concentrated  sulfuric  acid  and  20  g,  of  amyl  nitrite.  The 
temperature  was  kept  below  20°C  during  this  addition.  The  mix¬ 
ture  vjas  allovred  to  stand  thirty  minutes  and  then  50  ml.  of  ether 
was  ad.ded.  After  thirty  more  minutes  the  precipitation  of  2,6- 
dimethoxydlazonium  sulfate  was  complete.  It  was  filtered  and 
washed  with  ether.  Yield;  28  g. 

2p6‘  Dime thoxviodo benzene.  2,6-Dimethoxydiazonium  sulfate 
(  28  g, )  was  dissolved  in  30  ml.  of  water  and  poured  into  '60  ml. 
of  a  cool  50^  solution  of  potassium  iodide.  The  mixture  was 
heated  to  40°,  held  at  this  temperature  until  evolution  of  nitro¬ 
gen  ceased,  and  then  heated  on  a  steam  bath  for  thirty  minutes. 
Enough  chloroform  was  added  to  dissolve  the  crystalline  mass 
which  had  formed.  The  solution  was  washed  successively  with  di¬ 
lute  solutions  of  sodium  blsulfate  and  sodium  hydroxide,  and  was 
allowed  to  stand  overnight.  The  iodine  compound  crystallized. 

It  was  filtered  and  washed  with  ether.  Yield;  70  g.  or  100^, 
mp.  103°, 

!>)  A  second  method  of  synthesizing  2-iodo-1.5-dimethoxv- 
b.enzene(KXXyi)  and  its  coupling  to  2.2».6.6'  tetra- 
methoxybiphenyl  (XXXVII)  was  also  studied 

Into  a  1  liter,  3  necked  flask,  equipped  with  magnetic  stir¬ 
rer,  reflux  condenser,  powder  funnel  and  swept  with  dry  nitrogen, 
was  placed  230  ml.  of  anhydrous  ether.  Finely  divided  lithium 
metal  (7.35  g. ,  1.05  ml.)  was  added  and  the  powder  funnel  was 
replaced  by  a  dropping  funnel.  Bromobenzene  (52.6  ml.,  7815  g, , 

0.5  mole)  was  slowly  added  to  the  stirred  mixture  at  such  a  rate 
as  to  maintain  the  solution  under  steady  reflux.  After  2  hours, 
all  of  the  bromobenzene  had  been  added  and  almost  all  the  lithium 
metal  had  dissolved.  The  solution  was  decanted  into  a  one-liter 
flask  and  m-dimethoxybenzene  (94  g. ,  0.6  mole)  was  added.  The 
solution  was  allowed  to  stand  60  hours,  after  which  time  the 
llthio-derivatlve  had  crystallized  from  solution  in  large  cry¬ 
stals,  Iodine  (127  g. ,  1  mole)  was  slowly  added.  An  exothermic 
reaction  immediately  occurred  with  the  iodine  dissolving  with 
decoloration.  After  80^  of  the  iodine  had  been  added  the  reaction 
abated  and  was  completed  by  heating  under  reflux  for  two  hours. 

Fifty  percent  of  the  ether  was  removed  by  distillation  and  chloro¬ 
form  (250  ml.)  was  added.  The  solution  was  washed  well  with  aqueous 
sodium  bisulfite  (2  lots  of  300  ml.  (20^))  and  water  (500  ml.) 

The  extracts  were  then  dried  over  calcium  chloride  and  evaporated. 
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The  residual  solici  was  eluted  and  washed  well  with  petroleum  ether 
(b.p,  40-60®).  The  2- lodo-1 ,3-dime thoxy-benzene  (105  g. ,  80^) 
melted  at  106®C,  the  melting  point  being  undepressed  when  the 
material  was  mixed  vrith  an  authentic  sample, 

A  mixture  of  3.5  grams  of  pure  powdered  2- iodo-1 ,3-resorcinol 
dimethyl  ether  and  45  grams  of  very  finely  divided  coi)per  bronze 
was  tightly  packed  in  a  large  pyrex  test  tube  and  covered,  with  a 
layer  of  copper  bronze.  A  closely  fitting  cork  stopper  vias  then 
inserted  into  the  tube  directly  above  the  reaction  mixture.  The 
tube  was  heated  in  an  oil  bath  at  a  temperature  of  170°-200°  for 
three  hours  and  finally  at  210°  for  15  m.inutes.  After  cooling, 
the  reaction  m.ixture  was  extracted  in  a  Soxhlet  apparatus  with 
acetone  for  20  hours.  The  tetramethoxydiphenyl  crystallized  from 
acetone  on  cooling.  It  was  easily  purified  by  recrystallization 
from  acetone  containing  a  little  water,  yield,  1.2  grams  (68^) 
m.p.  162-165°. 

The  above  synthesis  was  repeated  using  an  iodo-  compound 
prepared  by  the  reaction  of  iodine  on  the  corresponding  lithium 
compound.  The  yields  and  properties  of  the  products  are  almost 
identical  in  the  tvro  cases.  The  first  product  is  slightly  darker 
than  the  second, 

c)  Synthesis  of  3,3* ^ 4^4* -tetramethoxv-benzophenone 

Vera traldehvde .  Vanillin  (250  g. )  was  melted  on  the  viater 
bath.  Solutions  of  potassium  hydroxide  (123  g.)  in  water  (180  ml.) 
and  dimethyl  sulfate  (180  g. )  were  added  simultaneously  with  stir¬ 
ring.  After  thirty  minutes  the  reaction  mixture  was  poured  into 
ice.  Water  (500  ml.)  was  added,  and  the  solid  product  collected; 
mp,  44°, 

Veratric  Acid.  A  solution  of  potassium  permanganate  (  34  g. ) 
in  water  (1  liter)  was  added  with  stirring  to  a  suspension  of 
veratraldehyde  (50  g. )  in  water  (300  ml.),  the  solution  tempera¬ 
ture  being  maintained  at  50°.  The  reaction  mixture  was  cooled 
and  filtered.  Acidification  of  the  filtrate  precipitated  the 
veratric  acid  as  a  colorless  solid;  mp,  179°, 

Veratrpyl  Chloride.  To  a  solution  of  veratric  acid  (256  g. ) 
in  carbon  disulfide  (510  g.)  was  added  phosphorous  pentachloride 
(340  g. )  and  the  mixture  heated  under  reflux  for  one  hour.  Evap¬ 
oration  of  the  carbon  disulfide  and  vacuum  distillation  of  the 
residue  yielded  veratroyl  chloride  (mp.  71°)  in  90^  yield. 

3,3*  4,4* -tetramethoxy-benzophenone.  Veratroyl  chloride  (113  g.) 
and  veratrole  (79  g. )  were  dissolved  in  carbon  disulfide  (400  ml.). 
Aluminum  chloride  (141  g, )  was  added  slowly  and  the  mixture  was 
heated  under  reflux  for  three  hours.  After  this  time,  the  reac¬ 
tion  complex  was  decomposed  by  the  addition  of  ice  and  hydrochloric 
acid  (2N).  The  precipitated  solid  was  collected  and  recrystallized 
several  times  from,  methanol.  The  ketone  melted  at  144°, 
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d)  At_temnted  avnthBala  of  '^,l\4,4«~tetrahvdroyvbenzo~ 
phenone. 

Hydrovanllloln  (XXXIX).  A  solution  of  100  grams  of  vanillin 
and  100  grams  of  sodium  hydroxide  in  I5OO  ml.  of  water  was  heated 
to  60®0.  This  solution  was  placed  In  an  electrolysis  apparatus 
consisting  of  a  l-liter  beaker  and  a  70x190  mm.  porous  cup.  Forty 
millimeter  and  140  mm.  lead  cylinders  served  as  electrodes.  The 
porous  cup  was  filled  with  the  alkaline  solution  and  the  remainder 
of  the  solution  Was  placed  In  the  beaker.  A  current  of  3  amperes 
was  maintained  across  the  cell  for  5  hours.  The  catholyte  was 
filtered  and  acidified  with  sulfur  dioxide  and  the  crystalline 
material  was  filtered  and  washed  with  water.  The  precipitate 
was  dried  overnight  and  recrystallized  from  glacial  acetic  acid. 
Yield  50  grams,  (69^),  mp.  22^-226. 

yanlllll  (XL).  A  mixture  of  3O.6  grams  of  hydrovanilloln, 

39.0  grams  of  cunrlo  hydroxide  and  600  ml.  of  glacial  acetic  acid 
was  boiled  under  reflux  for  one  hour.  The  blue  color  of  the  hot 
solution  turned  to  green  after  a  few  minutes  of  boiling  and  a 
bluish  precipitate  separated  upon  cooling.  The  entire  mixture 
was  filtered  and  washed  with  a  large  volume  of  water.  The  preci¬ 
pitate  was  then  leached  with  dilute  sodium  hydroxide  solution  and 
the  alkaline  solution  was  acidified.  The  resulting  precipitate 
was  recrystallized  from  glacial  acetic  acid  to  give  very  light 
yellow  needles  of  vanlllil  melting  at  233-234®.  Yield  12  grams 

(46<), 

At.temPt.ed..ayjith£.8l.a..of....l^3-»  4.^4«  Tetrahvdroxvbenzophenone. 

A  vigorously  stirred  mixture  of  70  grams  of  sodium  hydroxide, 

70  grams  of  potassium  hydroxide,  17.5  grams  of  silver  powder  and 
30  ml,  of  water  at  l40®C  was  treated  with  grams  of  vanlllil. 

The  temperature  was  raised  gradually  to  220®,  maintained  for  15 
min.  and  allowed  to  drop.  When  it  reached  120®,  the  solution  was 
diluted  with  210  ml.  of  water.  The  solution  was  then  acidified 
with  concentrated  hydrochloric  acid  and  filtered.  White  crystals 
separated  upon  cooling.  The  crystalline  material  was  filtered 
and  recrystallized  from  water  and  activated  carbon.  Yield  R 
grams,  mp.  230-231®C. 

Further  study  and  analysis  of  the  product  Indicated  that  It 
was  not  the  desired  product,  but  was  4,4’-dlhydroxy“3,3’-dimeth“ 
oxybenzophenone. 

e)  Avii.l:heflla.  ol.  4,4.'-dlhvdrQxv:i-l, 3 »-dlmethoxvdlphenvl  methane 

Freshly  prepared  silver  oxide  (4  grams)  was  covered  with  100 

ml,  of  water  and  treated  In  succession  with  16  grams  of  sodium 
hydroxide  and  15  grams  of  vanillin  with  vigorous  stirring.  When 
the  reaction  mixture  began  to  cool,  heat  was  applied  and  the  mix” 
ture  was  boiled  under  reflux  for  one  hour.  After  filtering  and 
washing  the  precipitate,  the  filtrate  was  cooled  and  saturated 
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with  carbon  dioxide.  A  yellow  semi-solid  precipitate  separated 
while  the  solution  was  still  strongly  alkaline.  The  mixture 
was  extracted  with  ether,  and  the  ether  was  dried  with'" sodium 
sulfate.  The  ether  was  removed  by  vacuum  distillation  to  give 
four  grams  of  4 ,4'-dlhydroxy-3,5* -dlmethoxydiphenyl-methane. 

After  recrystallizotion  from  water  the  mp.  was  108-9°. 

6.  Phthaloovanine  Polymers. 

a)  An  improved  method  of  preparing  polymeric  copper  phthalo- 
cvanine. 

Previous  attempts  have  been  made  to  synthesize  phthalocyanine 
polymers  by  heating  mixtures  of  pyromellltic  dlanhydride,  urea, 
anhydrous  copper  halides  and  an  ancillary  reagent.  This  method 
Included  reactions  in  molten  urea  as  well  as  refluxing  of  sus¬ 
pension  of  the  reagents  in  orthodlchlorobenzene  (22),  Attempts 
to  produce  large  polymers  proved  unsuccessful  when  the  above 
synthesis  was  tried  under  various  conditions.  The  following 
method  seems  to  offer  some  advantages. 

A  mixture  of  50  grams  of  powdered  urea,  36  grams  of  pyro¬ 
mellltic  dlanhydride,  2.25  grams  of  300  mesh  copper  powder,  8.5 
grams  of  zirconium  oxychloride  and  1,12  grams  of  powdered  ammo¬ 
nium  perchlorate  was  added  to  473  grams  of  trichlorobenzene.  This 
mixture  was  agitated  for  one  hour  at  room  temperature.  The  tem¬ 
perature  was  raised  uniformly  to  165°  and  held  at  165°-175°  for 
one  hour,  then  at  175°-180°  for  one  hour  and  a  half.  The  product 
vras  filtered  while  hot  and  washed  v^ith  trichlorobenzene  and  then 
with  Isopropanol.  The  crude  filter  cake  was  dried  at  110°,  This 
crude  product  was  purified  by  grinding,  adding  250  grams  of  vrater 
and  then  44  grams  of  concentrated  sulfuric  acid.  This  mixture 
was  stirred  at  60°-70°  for  one  hour  and  a  half.  The  solution  was 
filtered  and  the  residues  washed  with  dilute  sulfuric  acid  folloxTOd 
by  six  washings  with  water.  The  final  product  was  dried  overnight 
at  110°.  This  reaction  is  much  more  efficient  than  any  previously 
tried,  as  yields  are  ca.  90^  of  the  amount  theoretically  possible. 
The  polymer  which  xvas  recovered,  however,  appeared  to  be  no  larger 
than  those  prepared  by  previous  methods, 

B.  Attempts  to  Form  Polymers  by  Linking  Kononuclear  Com.plexes 

Together. 

1,  Polymers  from  3-Hydroxvethvlg:lycine  fXLVIII) 

a)  Preparation  of  B-hydroxyethylplycine 

Formaldehyde  (42  ml,  of  38^  aqueous  solution,  0.5  mole)  was 
added  to  a  chilled  mixture  of  ethanolamlne  (61  g, ,  1  mole)  and 
hydrogen  cyanide  (27  g. ,  (40  ml.),  1  mole)  at  such  a  rate  that 
the  tem.perature  did  not  rise  above  10°.  After  standing  thirty 
minutes  at  room  temperature,  a  solution  of  barium  hydroxide 
(171  g, , . 1  mole)  in  water  (500  ml.)  was  added  and  the  mixture 
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wag  heated  under  reflux  for  12  hours.  After  this  time  ammonia 
had  ceased  to  be  evolved.  Carbon  dioxide  was  then  passed  into 
the  cooled  solution  until  the  pH  was  ca.  S.  Sufficient  sulphuric 
acid  (ca.  5  ml.  of  5^)  was  added  to  precipitate  any  remaining 
barium  ions.  The  precipitated  barium  salts  were  removed  by 
filtration.  Water  was  removed  from  the  filtrates  by  distillation 
at  reduced  pressure  and  the  residual  oil  was  allowed  to  stand  at 
0°C  for  10  hours.  The  p-hydroxyethylglyclne  (40  g.,  67 f)  which 
crystallized  was  collected  and  washed  well  with  alcohol.  It  could 
be  recrystallized  from  ethanol/water  in  colorless  hexagonal  plates, 
mp.  1010.  Literature  (2l)  gives  un  175°.  Anal.:  Oalcd.  for 
O4H9NO3:  C,  4c.3;  H,  7.6.  Found:  C,  39.9;  H,  7.7. 

b)  Bis-(p-hvdroyv.ethvlglvcin.e)~coT)per  (ll).  Basic  copper 
carbonate  (5.0  g. )  was  added  to  a  solution  of  p-"hydroxyethyl- 
glyclne  (5.O  g.)  in  water  (25  ml.)  and  the  mixture  was  warmed 

on  the  steam  bath.  After  20  minutes  the  blue  solution  was  fil¬ 
tered.  On  cooling  the  filtrate,  the  blue  cooper  (II)  complex 
(4.0  crystallized  from  solution.  By  repeated  evaporation 
and  cooling  a  further  0.4.g.  was  obtained.  The  copper  (ll) 
complex  v^as  renrystallized  from  vrater  and  thus  obtained  in  deep 
blue  prisms  which  decomposed  at  229°.  Anal. ;  Calcd.  for 
f^e^isNaOeCu:  C,  3?.l;  H,  5.4;  N,  9.7.  Found:  C,  31.7;  H,  5.4; 

N,  0.0. 

c)  Bis-  (p-hvdroxvethvlglvcine)-nickel  (ll).  Nickel  carbon¬ 

ate  (2.0  g. )  was  added  to  a  hot  solution  of  p-hydroxyethylglyclne 
(4.0  g. )  in  water  (20  ml.).  The  nickel  (II)  complex  formed  almost 
Immediately,  giving  an  intense  blue  color  to  the  solution.  On 
cooling,  the  nickel  (ll)  complex  (3.0  g.)  crystallized  from  solu¬ 
tion.  A  further  0.0  g.  was  obtained  by  repeated  evaporation  and 
cooling.  The  bis- (p-hydroxyethylglycine)-nickel  (II)  was  re- 
crystallized  from  water  and  thus  obtained  in  pale  blue  plates 
which  did  not  m.elt  at  305°.  found  to  be  insoluble  in  a 

wide  variety  of  organic  aolver^ts.  Anal. :  Calcd.  for  CgHjeNsOeWi: 
C,  32.6;  H,^5.4;  N,  9.5.  Found:  C,  33.4;  H,  5.5;  N,  9.2. 

d  )  0-Beny.ov1ation  of  bia-  (p- hydro xvethvlglvcine)-nickel  (  ll) 
This  reaction  was  carried  out  to  give  experience  in  the  formation 
of  esters  from  coordinated  donor  ^oups.  Solutions  of  bls-(p- 
hydroxyethylglyclne )-nlckel  (XLIX)  (l.O  g.,  0.003  mole)  in  water 
(20  ml.)  and  benzoyl  chloride  (l.O  g.,  O.OO6  mole)  In  carbon 
tetrachloride  (50  ml.)  were  agitated  togef^er  for  3  hours,  py¬ 
ridine  (2  ml.)  being  added  to  the  solution.  After  this  time 
the  inltla''ly  blue  acueous  layer  had  become  green.  Evaporation 
of  the  acueous  layer  yielded  monp-O-benzoyl-bis- (p-hydroxyethyl- 
clyclne)-nickel  (II)  as  a  green  hydroscopic  solid,  mp.  3^0°. 

Anal. ;  Calcd.  for  C isHgaNsO^Ni :  C,  i(5.1;  H,  5.O;  N,  7.0.  Found: 
C,  J^5.0;  H,  3.3;  W,  7.3. 
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e)  Preparation  of  Phtbalvl-“blar.lB_-hjjroxy.ethy.lgly£lILel- 
nloTrel  (L) 

An  Intimate  mixture  of  bla- (’p-hy<3roxyeth.vlglyclne)-nlckel 
^II)  [l.lg  g.  0,04  mole]  and  finely  powdered  phthallc  anhydride 
Co. 59  0.04  mole]  contained  In  a  vacuum  adaptable  test  tube, 

was  heated  at  170®  for  one  hour.  The  tube  was  then  evacuated 
Cl  mm. )  and  heated  at  120®  for  a  further  3  hours.  The  residual 
solid  Was  dissolved  In  water  by  boiling,  and  the  solution  was 
filtered  and  evaporated  to  dryness  on  the  steam  bath.  The  blue- 
green  solid  which  remained  began  to  decolorize  at  260°^  but  did 
not  melt  below  ^10°^ 

Anal.;  Calcd.  for  C , gHaoNaOsNl;  C,  43.3;  H,  4.5;  N,  6.3. 

Found:  0,  42.9;  H  4.2;  N  6.7. 

Eaulvalent  weight  Calcd.  443 
Found  425 

f )  Phthalvl-bla-  Cp-hvdroxvethylglvclne^-nlckel-trlmer  .(.LI..) 

Finely  powdered  phthalyl-bis“(p“hydroxyethylglyclne)-nlckel 

(1.1  g,),  contained  In  a  vacuum  adaptable  test  tube,  was  heated 
at  120®  for  four  hours,  the  tube  being  evacuated  to  5  mms.  After 
fifteen  minutes  the  solid  had  become  light  green.  The  residual 
solid  was  purified  by  solution  In  water  and  evaporation.  The 
trlmer  was  obtained  as  a  pale  green  solid  which  did  not  melt  at 
300®.  Anal. ;  Calcd.  for  monomer;  G,  43.4;  H  4.3;  N,  6.3» 

Calcd.  for  trlmer;  C  44.3;  H,  4.3;  N  6.5.  Found;  C,  44.3; 

H,  4.4;  N,  6.5. 

Eaulvalent  Weight  Calcd.  for  trlmer,  I329 

C titration  with  N/lOO  Found  1393 

Sodium  hydroxide). 

g)  Attempted  condenaation  Q.f  bia-f p-hydroxyethylglvclneJ- 
nlckel  (II)  with  dl ethylmalonate 

Bis- (p-hydroxyethylglyclne )“nlckel  (II)  [2.95  0.01  mole], 

freshly  distilled  diethylmalonate  (I.76  g. ,  0,01  mole)  and  litharge 
Co, 02  g, )  were  heated  at  I50®  for  5  hours  In  an  atmosphere  of  ni¬ 
trogen,  After  this  time  the  bl s-Cp-^iydroxyethylglyclne )-nlckel 
Cll)  was  recovered  by  solution  of  the  reaction  mixture  In  water 
and  evaporation, 

2,  Polymers  from  bla-sallcylldene-ethanolamln.e..XLII.ll 

a)  Preparation  of  aall.cvlld.ene-ethanQlamln.e. 

Sallcylaldehyde  Cl2.2  g.,  1  mole)  and  ethanolamlne  Col  g. , 

1  mole)  were  mixed  and  heated  on  the  steam  bath  for  one  hour. 

After  cooling,  the  solution  was  extracted  with  ether  C600  ml.), 
dried  over  sodium  sulfate,  and  evaporated.  The  residual  oil  was 
subjected  to  vacuum  distillation,  salicylldene-ethanolamlne  C13O 
g.,  20<)  distilling  as  a  yellow  oil,  b.p.  133°/o.4  mm.  Anal. ; 
Calcd.  for  CgHnNOg;  C,  65,4;  H,  6.7.  Found:  C,  65.2;  H,  6.9. 
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ti)  Preparation  of  bls.-feai.lcylldene-etha.nolamlne) -copper  (LVa) 
A  solution  of  copper  (II)  acetate  monohydrate  crystals  (1.0  g. , 
0.005  mole)  in  methanol  (25  ml.)  was  added  to  a  boiling  solution 
of  salicylidene-ethanolamine  (1.35  g. ,  0,01  mole)  in  alcohol 
(10  ml.)  The  solution  acquired  a  deep  olive  brovm  color.  Kost 
of  the  alcohol  was  distilled  and  then  ethyl  acetate  (10  m.l.)  v:8S 
added.  The  copper  (II)  complex  which  settled  out  on  cooling  was 
recrystallized  from,  an  ethanol-ethyl  acetate  mixture  and  obtained 
in  olive  needles,  m.p.  177-8°.  Anal.  :  Calcd.  for  Ci gHsoNgO^Cu; 

C,  55.1;  H,  5.1;  h,  7.2.  Found:  C,  55.3;  H,  5.2;  N,  7.4. 

c)  Preparation  of  bis-(  salicylidene-ethanolamine) -nickel  (L^/b) 
A  solution  of  nickel  (II)  acetate  tetrahydrate  crystals  (1.25 
g.  ,  0.005  mole)  in  methanol  (20  m,l.  )  was  added  to  a  boiling  solu¬ 
tion  of  salicylidene-ethanolamine  (1,65  g. ,  0.01  mole)  in  ethanol 
(10  ml.).  Chloroform  (100  mil.)  was  added  and  water  soluble  ma¬ 
terials  were  washed  out  by  several  treatments  with  water.  The 
chloroform  extract  was  then  dried  over  sodium  sulfate  and  the 
solvent  was  removed.  The  residual  solid  was  recrystallized  from 
ethanol,  the  nickel  (II)  complex  crystallizing  in  green  needles, 
mp.  237°.  Anal. :  Calcd.  for  Ci 8HaoN304Ni;  C,  55.8;  H,  5.2. 

Found:  C,  55.9;  H,  5.1. 

d)  Preparation  of  bis-(  salicylidene-ethanolamine) -zinc  (LVc) 
To  a  Solution  of  salicylidene-ethanolamine  (1.65  g. ,  0,01 

m.ole)  in  ethanol  (10  ml.)  V'ras  added  a  solution  of  zinc  acetate 
dlhydrate  (1.05  g. ,  0.005  mole)  in  methanol  (100  ml.).  The  re¬ 
sulting  yellow  solution  was  concentrated  to  smiall  volume  (10  ml.), 
chloroform  (20  ml.)  was  added  and  water-soluble  materials  were 
washed  out  by  several  treatments  with  water.  The  chloroform  ex¬ 
tract  was  dried  over  sodium  sulfate  and  the  solvent  was  removed. 

The  residual  solid  was  recrystallized  from  ethanol,  the  zinc  com¬ 
plex  crystallizing  in  yellow  needles,  mp.  221°.  /ggal. :  Calcd.  for 
Cl 8H2oN204Zn;  C,  55.0;  H,  5.1.  Pound:  C,  54.8;  H,  5.1, 

e)  Polyurethanes  and  polyesters  prepared  from  bis-(sali- 
cyl idene-ethanolamine ) -copper. 

Polyurethane  derived  from  bis-( salicylidene-ethanolamlne)- 
copper  (LVII) 

2,4-Tolylene-dilsocyanate  [0.72  ml.  (0.87  g. ) ,  0.005  mole] 
was  added  to  a  solution  of  bis-[salicylidene-ethanolamine]-copper 
(II)  [1.96  g.  ,  0.005  mole]  in  hot  chlorobenzene  (100  ml.)  and 
pyridine  [0.1  ml].  An  exothermic  reaction  occurred.  The  solution 
was  heated  under  reflux  for  eight  hours.  The  brovhi  solid  which 
settled  on  cooling  was  collected  and  submitted  for  analysis.  The 
comipound  sintered  at  170°  and  appeared  to  decompose  at  240°, 

Anal. ;  Calcd.  for  C27H26N4O4CU;  C,  60.6;  K,  4.9. 

Pound:  C,  58.0;  H,  4.6. 
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PQ.ppfir^.(Il) 

An  Intimate  mixture  of  bl a- (aallcylldene-ethanolamlne)- 
Conner  (ll)  0.01  mole),  dimethyl  terephthalate  (1.7  g., 

0.01  mole)  and  aodlum  methoxlde  (0.01  g)  waa  heated  at  210®  for 
three  hour a,  a  stream  of  nitrogen  being  continually  passed  through 
the  mixture,  ’^he  resulting  material  could  be  melt  drawn  but  waa 
brittle  In  the  solid  state. 

Inal.:  Calcd.  for  CggHaeNaOeCu;  C,  59.2;  H,  4.2. 

Found:  C,  5g.l;  4.7. 

3.  Polvmera  from  Ethylenedlatolne-N, N»-blB-p~HvdroTyethvl-- 
N,N»~Dlacetlc  Acid  (LVIII) ^ 

a)  Preparation  of  nickel  and  conper  N,  N'-bj fl-p-hydroxyethyl 
ethvlenedlamlne--N,N*-dlacetate 

Nickel  complex.  To  a  solution  of  118.^5  g.  of  nickel  chloride 
hexahydrate  (0. 5  mole)  In  hot  water  was  added  ^00  cc.  (estimated 
to  contain  0.5  mole)  of  an  aoueous  solution  of  dlsodlum“N,N'“ 
dlacetate-N,N’-bls-P“hydroxyethyl-ethylenedlamlne.  A  blue  precipi¬ 
tate  formed  Immediately.  After  filtering  and  drying,  the  preci¬ 
pitate  was  extr>acted  overnight  with  boiling  ethanol.  Evaporation 
of  the  extract  yielded  a  precipitate,  which  upon  standing  for  one 
day  In  vacuum  became  a  light  blue  powder.  Its  behavior  on  melting 
and  microscopic  examination  Indicated  that  the  product  was  Impure. 

Copper  complex,  'to  a  solution  of  l4.5  g.  of  copper  (ll) 
chloride  dlhydrate  (0.005  H)  dissolved  In  50  cc.  of  water  was 
added  100  ml.  of  an  aoueous  solution  of  dlsodlum  N,N'-dlacetate- 
N,N'-bla~P”h,vdroxyethyl-et'^ylenedlaralne  (found  by  analysis  to  con¬ 
tain  0.005  mole).  A  dark  blue  oil  formed  Immediately.  Thus  far 
no  way  hss  been  found  to  separate  the  complex  from  the  sodium 
chloride  which  is  also  formed  In  the  reaction. 

Better  success  In  preparing  the  copper  derivative  was  achieved 
by  tte  use  of  cupric  acetate. 

A  solution  of  0.o425  moles  of  versene-dlol  and  0.5  g.  (0.00425 
moles)  of  cupric  acetate  monohydrate  In  methanol  was  refluxed  for 
a  ;^ew  hours  on  the  steam  bath.  The  volume  of  the  solution  was  re¬ 
duced  to  about  fifty  ml.  Upon  standing,  sodium  acetate  precipi¬ 
tated  from  the  solution.  The  sodium  acetate  was  removed  by  vacuum 
filtration  and  the  filtrate  evaporated  to  dryness  under  reduced 
pressure  (ca.  2  ram.).  The  green  powder  obtained  was  mixed  with 
200  ml.  of  absolute  ethanol  and  heated  on  the  steam  bath  with  re¬ 
flux.  The  ethanol  was  removed  under  diminished  pressure  and  the 
product  stored  In  a  desslccator  over  phosphorous  pentoxlde  as  the 
product  Is  extremely  hygroscopic. 
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b)  Polymerization  of  copper-versene-diol  complex  with 
tolvlene  dlls9cv^^te 

A  solution  of  1.74  g,  (0.001  mole)  tolylene  di isocyanate  and 
3.B6  g,  (0,001  mole)  of  the  copper-versene-dlol  complex  ^vas  heated 
on  the  steam  hath  with  reflux  overnight.  To  prevent  the  destruc¬ 
tion  of  the  Isocyanate  by  moisture,  the  reactants  were  weighed  and 
mixed  in  a  dry  box  and  the  condenser  v’as  fitted  vrith  a  drying  tube. 
During  the  reflux,  the  solution  changed,  color  from  green  to  brown. 
Tiie  Identification  of  the  products  is  not  complete, 

IV.  THE  MEASUREMENT  OP  HEAT  STABILITY  OP  POLYMERS 

In  reports  to  W.A.D. C.  by  Marvel  and  his  associates  (23), 
these  workers  described  the  determination  of  heat  stabilities 
of  a  series  of  polymeric  metal  chelate  compounds.  The  method 
used  Involved  the  prolonged  heating  of  a  polymer  sample  in  the 
air.  The  loss  in  weight  incurred  \ms  then  correlated  v:lth  tem¬ 
perature  and  duration  of  heating.  More  recently,  it  has  been 
ascertained  that  this  method  is  inadequate  (24),  the  rate  of 
decomposition  or  loss  in  weight  being  dependent  on  variables  such 
as  sample  size.  It  appeared  probable  that  more  accurate  and  re¬ 
producible  results  could  be  obtained  by  prolonged  heating  in  an 
inert  atmosphere  (nitrogen)  and  by  the  method  of  differential 
thermal  analysis. 

A.  Thermal  Stability  of  Polymers  in  Nitrogen  Atmosphere 

Weighed  samples  of  the  polymers  (ca.  0.4  g, ) ,  contained  in 
porcelain  boats,  were  heated  in  a  tube  furnace,  a  stream  of 
nitrogen  (  ca,  4  bubbles /second  )  being  flushed  through  the  ap¬ 
paratus.  Generally,  each  sample  was  heated  at  each  of  [220  + 
n  X  40]®  (n  =  1,2,3,  etc.)  for  periods  of  two  to  three  hours. 

After  each  period  of  heating  the  weight  loss  and  any  change  in 
appearance  were  noted.  The  results  obtained  for  a  series  of 
polymers  derived  from  4,4' -bls-thiopicolinamindo-diphenyl  are  listed 
in  Table  V,  In  amplification,  the  zinc  polymer  was  found  to  be 

Table  V 


Temperature  and  time  of  heating 


%  wt.  loss 

6  hrs . 

3  hrs. 

3,5  hrs. 

3.5  hrs. 

2.5  hrs. 

2.5  hrs. 

at  225® 

at  275® 

at  300° 

at  340® 

at  390® 

at  435° 

M  =  Cu(II) 

2% 

5% 

18%{a) 

=  Ni(II) 

1% 

0,5% 

7% 

5% 

30^(b) 

=  Zn(II> 

0,5%{c) 

0,1% 

0,2% 

0.4:% 

3.2^ 

18f»(d) 

(a)  decomposition  to  a  black  powder  occurred. 

(b)  decomposition  to  a  black  powder  occurred. 

(c)  color  change 

from  yellov?  to  orange. 

(d)  complete  decomposition. 
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the  more  heat  stable,  no  lose  In  weight  occurring  below  400°. 
The  results  obtained  for  several  polymers  described  In  this  re¬ 
port  are  given  In  Table  VI. 

Table  VI 

Temperature  and  time  of  heating 

%  Weight  Loss 


Bis- ( sallcvlldene-ethanolaralne) 
copper  flI)-2,4-tolylene-dl-urethane 

1  hr. 
at  200 

2  hrs.- 
at  250° 

1.5  hrs 
at  300 

129( 

259^ 

Bis- (salicylldene-ethenolamine)-copper  (ll) 
-terphthalate  polyester 

27^ 

Bis- (p-hydroxyethylglyclne)-nlckel  (ll) 
-phthalate  trlmer 

1.6f 

1 

lOfr 

50^ 

It  can  be  seen  that  in  the  latter  series  (Table  VI^  none 
of  the  polymers  possess  any  thermal  stability  above  200  .  This 
lack  of  thermal  stability  Is  to  be  correlated  with  the  localiza¬ 
tion  of  electrons  In  the  organic  residues  of  the  polymers.  Al¬ 
most  all  metal  chelate  compounds  which  show  pronounced  thermal 
stability  possess  orbitals  Into  which  electrons  can  be  delo¬ 
calized  (e.g.,  ferrocene,  phthalocyanlne  derivatives,  etc.). 

Also,  such  delocalization  Is  encountered  in  the  polymers  listed 
In  Table  II.  It  appears  evident  that  In  the  design  of  polymeric 
materials,  this  factor  must  be  considered  and  Incorporated  Into 
any  new  structures. 

B.  Differential  Thermal  Analysis  of  Polymeric  Materials 

In  order  to  obtain  some  other  measurement  of  thermal  stabil¬ 
ity  and  to  see  if  this  new  value  Is  consistent  with  those  Just 
described,  ^ ,U»-bis-(thioplcollnamldo)-dlphenyl-zlnc  (ll)  polymer 
was  subjected  to  differential  thermal  analysis.  The  apparatus 
was  provided  by  the  Department  of  Ceramic  Engineering  of  the 
University  of  Illinois.  The  analysis  was  carried  out  by  measuring 
the  thermal  dif-ferentlal  In  heating  samples  of  the  zinc  polymer 
(0.3  g. )  and  alumina  (the  reference  standard,  0.5  g. )  In  the 
presence  of  air.  The  differential  curve  obtained  Is  shown  In 
Graph  I.  It  cgn  be  Interpreted  as  Indicating  decomposition  of  the 
polymer  at  420  .  This  Is  In  good  agreement  with  the  previously 
described  result. 


1 
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Graph  I 


After  the  run  just  described  had  been  completed  it  was  found 
that  the  chromel/alumel  thermocouple  had  been  burnt  out.  This 
could  be  circumvented  by  using  a  platinum/platinum ,  10^  rhodium, 
thermocouple  or  by  using  a  platinum  heating  vessel. 

Differential  thermal  analysis  appears  to  be  a  convenient 
method  for  the  determination  of  heat  stabilities.  Its  use  would, 
however,  necessitate  the  construction  of  a  D.T.A.  apparatus. 

The  apparatus  used  had  been  specially  built  for  use  with  clay 
minerals  and  does  not  have  the  required  sensitivity.  Thus,,  fur¬ 
ther  research  along  these  lines  could  not  be  undertaken. 

It  is  evident  that  the  method  of  heating  in  a  nitrogen  atmos¬ 
phere  provides  a  reasonable  guide  toward  thermal  stability.  How¬ 
ever,  it  is  somewhat  tedious  to  weigh  samples  in  the  cold  after 
having  maintained  them  at  raised  temperatures.  Moreover,  it  is 
difficult  to  prevent  the  uptake  of  moisture  by  the  substance  be¬ 
tween  the  end  of  heating  and  of  weighing.  Use  of  a  "thermobalance 
(for  detailed  review,  see  ref,  25)  should  give  good  results  with 
ease  of  operation.  These  instruments  are,  of  necessity,  rather 
complex  in  construction. 

C,  The  Design  and  Construction  of  A  Simple  Device  for  Measuring 

Thermal  Stabilities 

A  relatively  simple  thermobalance  has  been  constructed,  fol¬ 
lowing  the  suggestions  of  Winslow  and  Matyerik  (26),  and  has  been 
found  to  be  very  useful  in  the  evaluation  of  our  polymers.  It  is 
built  from  a  semi-micro  balance  and  a  heating  furnace.  One  pan  of 
the  balance  is  replaced  by  a  platinum  chain,  to  one  end  of  which 
is  attached  a  pyrex  container.  This  container  is  so  arranged  that 
it  can  be  heated.  The  weight  loss  of  a  sample  in  the  container 
can  be  readily  followed,  without  interrupting  the  heating.  The 
design  is  shown  In  Figure  1, 

D,  Thermal  Stability  of  Benaldlni  Disulfonato-Copper  (II) 

The  preparation  of  this  complex  was  described  in  an  earlier 
report  (27),  A  sample  was  heated  in  the  thermogravimetrlc  balance 
in  a  stream  of  nitrogen.  The  sample  showed  less  than  1%  weight 
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FIGURE  1  •  Schematic  Diagram  of  Thermobalanee 
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loss  up  to  290°C,  but  at  300°C  Is  slowly  decomposed.  (See  Table 
VII) 

Table  VII 


Thermal  Stability  of  Benzidine  Disulfonato-Copper  (II) 


Temperature 

Period  of  Heating 

In  hours 

t  Weight  Loss 

i4o 

0.33 

It 

200 

0.7 

It 

220 

21 

Ifc 

250 

22 

It 

290 

65 

It 

300 

66 

kt  ■ 

300 

90 

Decomposition 

V.  OONCIU SIGNS  MD  SUGGESTIONS  FOR  FURTHER  WORK 


It  is  still  not  oossible  to  report  the  formation  of  useful 
coordination  oolymers,  but  a  great  deal  of  valuable  Information 
has  been  obtained,  and  will  serve  as  a  guide  In  future  work. 

In  the  past,  there  has  been  little  ouantltatlve  work  done  on  the 
thermal  stabilities  of  coordination  compounds,  so  some  of  our 
oredlctlons  have  not  been  borne  out  by  experiment.  It  Is  now 
evident  that  stability  toward  hydrolysis  or  other  chemical  at¬ 
tack  In  solution  cannot  be  taken  as  an  accurate  guide  to  thermal 
stability.  Oopoer  In  the  divalent  state  forms  many  complexes 
which  are  extremely  stable  toward  hydrolysis,  but  which  are  not 
thermally  stable  because  liie  copper  Is  readily  reduced  by  the 
coordinating  agents.  However,  it  does  not  follow  that  all  copper 
(II)  complexes  are  thermally  unstable.  The  relationship  between 
strength  of  coordinate  bond  and  thermal  stability  Is  doubtless 
a  complex  one,  and  Is  not  yet  clearly  understood. 

It  has  been  shown  possible  to  form  polymers  of  low  molecular 
weight  by  linking  coordinating  monomers  together  through  con¬ 
densation  reactions.  Even  though  the  oolymers  so  obtained  are 
not  thermally  stable,  their  study  should  be  continued,  as  It  may 
lead  to  a  better  understanding  of  the  factors  which  are  Impor¬ 
tant  In  such  oolymerlzatlon. 
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The  metal  derivatives  of  the  bls-thiopicollnamldes ,  of  ben- 
zldene  disulfonic  acid,  and  of  a  polymeric  phthalocyanine  have 
been  shown  to  possess  good  thermal  stability,  but  it  has  not 
yet  been  found  possible  to  get  useful  polymers  from  them.  Ef¬ 
forts  to, do  so  will  be  continued. 

The  work  on  polymers  from,  fluorinated  b is -1,3-dike tone s  , 
from  bls-8-hydroxyquinolines  and  from  cyclic  slloxanes  has  not 
gone  far  enough  to  allow  us  to  draw  any  conclusions  as  to  the 
ease  of  their  formation  or  their  heat  stabilities. 

Since  almost  no  work  on  the  formation  of  coordination  poly¬ 
mers  has  been  reported  in  the  literature,  that  which  has  been 
done  under  this  contract  has  of  necessity  been  highly  explora¬ 
tory.  It  is  believed,  however,  that  a  sufficient  understanding 
of  the  subject  has  now  been  gained  that  a  more  thorough  study 
is  Justified.  Work  undertaken  in  the  next  few  months  will 
therefore  be  devoted  to  a  more  thorough  study  of  those  substances 
which  have  shovm  a  good  tendency  to  polymerize,  or  which  have 
high  heat  stability.  No  new  substances  will  be  studied  at  present. 
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